INSTITUTE NOTES. 


Fesrvary 1939. 


FORTHCOMING MEETINGS. 


Teeny, 8 14th March, 1939, at the Royal Society of Am. John Street, London, 
Symposium on ‘ Dangerous Gases in the Petroleum and Allied 


Industries.” 
Morning Session, 10.30 a.m.—12.30 p.m. A series of papers dealing with 
The Detection and Inflammability of Dangerous Gases.” 


2. p-m.—5.0 p.m. series of Papers dealing with 
“The Toxic Effects of Gases, and Safety Measures, including Safety 
Measures for Electrical Equipment.”’ 
Evening Session, 6.15 p.m.—7.30 p.m. Lecture by Dr. R. B. Vallender : 

“ The Detection of oxic Gases.”’ 
22nd—24th May, 1939. Summer Meeting of the Institute at Birmingham. 


NORTHERN BRANCH. 


9th March, 1939, at 7.15 p.m., at the Engineers’ om, Ae Albert S 
— ‘Annual General Meeting and “ The Search for Oil in 
Great Britain,’’ by G. W. Lepper, B.Sc., A.R.C.S. 


Branch Lecture. 


Friday, 10th March, 1939, at 7.0 p.m., at the University, Edmund Street, 
Biecinghane. ** The Search for Oil in Great Britain,” by G. W. Lepper, 


ScortisH BRANCH. 


Friday, 24th March, 1939. ‘* The Planning of a Modern Colliery,’ by William 
Reid, B.Sc.,. Full particulars can be obtained from Prof. W. M. 


Cumming, D.Sc., Royal Technical College, Glasgow. 


StupEnts’ Section (LONDON BRANcR). 


Thursday, 16th March, 1939, at 5.45 p.m., at the Offices of the Institute, The 
Adelphi, London, W.C.2. * Application of Science to the Petroleum 


Industry,”’ by G. H. Coxon. 


TRANSFERS TO NEW CLASSES OF MEMBERSHIP. 


The Temporary Regulations relating to the transfer of the existing 
members to the new classes of membership, as set out in the leaflet 
sent to all members of the Institute, were approved at the Special 


General Meeting held on 10th January, 1939. 
Members who wish to transfer to one of the new classes of member- 


ship are requested to submit their applications as early as possible 
on the forms provided for the purpose at the back of the leaflet con- 


vening the Special General Meeting. 


NEW MEMBERS. 


The following elections were made by the Council in accordance 
with the By-Laws, Section IV, Para. 7, at the Council Meeting held 


on Tuesday, 14th February, 1939. 
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Elections are subject to confirmation in accordance with the 
By-Laws, Section IV, Paras. 9 and 10. 


Members. 
DraPer, Philip 
Hou.teren, Axel I. 
Walter Edward ... 
StreuMan, Carlyle John 


Associate Members. 


Dennis Stanley 
Horne, Donald __... 
NEALE-May, William Montague .. 
NERCESSIAN, Vahram 
Retp, William oe 
SemMEns, Graham Corkill 

, Bernard Evelyn Boileau. 


Students. 

Batpwiy, Alan Henry _... ars Birmingham. 
Barser, Bernard Thomas seo Birmingham. 
Bravumont, Geoffrey Keith wee Birmingham. 
Brown, Thomas ... eee eve ... Birmingham. 
Bruin, Jan Antonie de ... ... Holland. 

Brunner, Donald George on oun Birmingham. 
Dart, Victor Donovan _... eee ove oe Birmingham. 
Davis, Alec Kenneth .. Birmingham. 
Drxon, John Frederick eve ove one eee .. Birmingham. 
Down, Arthur Lewis oie ave ... London. 

Henry George ... one owe ese .. Birmingham. 
Grecson, Hayse Dennis ... .. Birmingham. 
Hexmat, Hossein Khan ... London. 

Howarp, Frederick sos eee Birmingham. 
IRELAND, Gilbert Robert . aoe .. Birmingham. 
Ju, Ting Y. .. Birmingham. 
Frank Godfrey ose ose .. Birmingham, 
Lonesorrom, Frank William _... nes on .. Birmingham. 
Lucre-Smrrn, Geoffrey Ross ose .. Birmingham, 
Mooreg, John Lawson eee wwe London. 

Naauavl, Said ove ons Birmingham. 
Owen, Peter Benedict... .. Birmingham. 
Perks, John Gilbert on .. Birmingham. 
Harold Robert “ee .. Birmingham. 
Ivor Alan sire ove ons .. Birmingham, 


CANDIDATES FOR ADMISSION. 


The following have applied for admission to the Institute or 
transfer to another grade of membership, and in accordance with 
the By-Laws the proposals will not be considered until the lapse 
of at least one month subsequent to the issue of this Journal, during 
which any Member or Associate Member may communicate by 
letter to the Secretary, for the confidential information of the 
Council, any particulars he may possess respecting the qualifications 
or suitability of any candidate. 

The object of this information is to assist the Council in grading 
candidates according to the class of membership. 

The names of the candidate’s proposer and seconder are given in 
parentheses. 

ALLEN, Samuel, B.Sc., Chemical Engineer (Anglo-Iranian Oil Company), 162, 

Purley Downs Road, Sanderstead, Surrey. (C. V. Hill; A. E. Dunsta tan.) 


Annan, John Greig, B. Se., F.1.C., Works “ rand Chief Chemist, Scottish 
Oils, Ltd, Grangemouth, Stirlingshire. richton ; G. H. Smith. ) 


ii 
oes ... London. 
ose .. Argentine. 
... Ohio. 
wes ... London, 
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Annan, John Greig, jr., B.Sc., Chemist (Scottish Oils, Lid.), 207, Boness Road, 
Grangemouth, Stirlingshire. (R. Crichton ; G. H. Smith.) 

Battocn, Alexander, B.Sc., Chemist (Scottish Oils, Ltd.), 225, Boness Road, 
Grangemouth, Stirlingshire. (R. Crichton ; G. H. Smith .) 

Boapo, Perlat, Student, 128, D. Cavendish Road, London, 8.W.12. (V. C. 
Davies.) 

CatpwetL, John Martin, M.Inst.Min.E., The Bungalow, 
Pumpherston, Midcalder. (R. Crichton ; G. H. Sm 

CarvER, William Aubrey, Trainee (Anglo- American Oil Company), Linden 
Beeches, Sevenoaks, Kent. (H.C. Tett ; C. Chilvers.) 

Cromsre, John James, A.I.C., Chemist (Scottish Oils, Lid.), Mayfield, Pump- 
herston, Midcalder. (R. Crichton ; G. H. Smith.) 

Ecx, Jan Carel van Panthaleon, Baron van, Director (Asiatic Petroleum 
Company and other Companies), St. Helen’s Court, London, E.C.3. (Lord 
Cadman ; J. Kewley.) 

Epwarps, Guy Navian Peerless, Student (Vacuum Oil Company), 51, Harts- 
wood Road, Stamford Brook, London, W.12. (S. J. nM Auld N. @. 
Gullick.) 

Fiemina, Alexander, 16, Esslemont Road, Edinburgh. (R. Crichton; G. H. 
Smith.) 

Friemina, Peter, B.Sc., A.I.C., Chemist (Scottish Oils, Lid.), 201, Boness Road, 
Grangemouth, Stirlingshire. (R. Crichton ; G. H. Smith.) 

Forses, Christopher Ewart, A.H.W.C., Chemist (Scottish Oils, Ltd.), 65, 
Middleton Avenue, Uphall, West Lothian. (R. Crichton ; G. H. Smith.) 
Fox, Reginald William Loney, Chemist (Vacuum Oil Company), 52, West Hill 

Road, Southfields, London, 8.W.18. (S.J. M. Auld; N. G. Gullick.) 

Fox, Denys Anthony, Assistant Engineer (Production) (Anglo-Iranian Oil 
Company), Masjid-i-Suleiman, Khuzistan, South Iran. (A. C. Hartley ; 
A, E, Dunstan.) 

Grant, George, F.I.C., Chief Chemist, Pumpherston Oil Refinery, Scottish 
Oils, Ltd., Midcalder, Scotland. (R. Crichton ; G. H. Smith. 

Gray, William, Manager, Pumpherston Oil Refinery, Midcalder, Scotland. 
(R. Crichton ; G. H. Smith.) 

GREEN, Stanley George, Accountant, 139, Marlow Road, Anerley, London, 
8.E.20. (0. A. Bell; R. Y. Wilson.) 

Guy, William Robert, A.I.C., Chemist (Scottish Oils, Ltd.), ‘‘ The Elms,” Station 
Road, Broxburn, West Lothian, Scotland. (R. Crichton ; G. H. Smith.) 

Hatt, Alan Elmo, Student (Colorado School of M yo 4818, East 18th Avenue, 
Denver, Colorado, U.S.A. (R.A. Baxter ; J.O. Balls.) 

Hancuarp, Kenneth William, Student (Vacuum Oil Company), 6, St. Clements 
Court, Leigh-on-Sea, Essex. (S.J.M. Auld ; N.G. Gullick.) 

Hetcxe, Herbert Leslie, B.Sc., Chemist (Scottish Oils, Lid.), 227, Boness Road, 
Grangemouth, Stirlingshire. (R. Crichton ; G. H. Smith.) 

Hosss, Frederick James, Chemist (Anglo-Mexican Petroleum Company), Caixa 
Postal 252, Rio de Janeiro, Brazil. (J. McConnell Sanders ; J. Parrish.) 
Huntine, Donald Ernest Hamilton, Chemist (London & Thames Haven Oil 

Wharves, Ltd.), Greycott,’”” Thames Haven, Essex. (C. Evans.) 

Ines, Andrew Goldie, B.Sc., A.I.C., Chemist (Scottish Oils, Ltd.), 231, Boness 
Road, Grangemouth. (R. Crichton ; G. H. Smith.) 

Janion, Laurence Penderel, Trainee (Anglo-American Oil Company), Fircroft, 
Croft Road, Withdean, Brighton. (H.C. Tett ; C. Chilvers.) 

Jackson, George Gordon, Transport (Scottish Industrial Estates, 
Lid.), 17, Kirklee Circus, Glasgow, W. 2 H. Cadman ; R. Crichton.) 
Jounston, Thomas Alexander, A.H.W.C., A I.C., Chemist (Scottish Oils, Lid.), 

31, Orchard Road South, Edinburgh 4. (R. Crichton ; G. H. Smith.) 

Leou-JonEs, George, Director (Anglo-Saxon Petroleum Company and other 
Companies), 41, Chester Terrace, Regents Park, London, N.W.1. (J. 
Kewley ; W. W. Goulston.) 

Mason-Pay, Philip Anthony, Student (Vacuum Oil Company), 334a, London 
Road, Westcliff-on-Sea, Southend, Essex. (S.J.M. Auld; N. G. Gullick.) 

McCattivum, John, B.Sc., Chemist (Scottish Oils, Ltd.), 50, Middleton Road, 
Uphall, West Lothian. (R. Crichton ; G. H. Smith.) 

Macpowatu, Robert Kennedy, A. M. Inst.Chem.E., Chemical Engineer, 
Institute for Research in Agricultural Engineering, University of Oxford. 
(A. R. Stark ; F. B. Thole.) 

MEIKLE, John, A.I.C., Chemist (Scottish Oils, Ltd.), 7a, Morningside Place, 
Edinburgh, 10. (R. Crichton ; G. H. Smith.) 

Nisset, Thomas, A.H.W.C., A. L C., ew (Scottish Oils, Ltd.), 229, Boness 
Road, Grangemouth. (R. Crichton ; G. H. Smith.) 

Paut, David, A.H.W.C., A.I.C., Chemist (Scottish 9 Ltd.), 53, West Main 

Street, Uphall, West Lothian. (R. Crichton ; G. H. Smith.) 
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Ropertson, George Gray, A.R.T.C., B.Sc., A.I.C., Chemist (Scottish Oils, 
Lid.), 7, Riverview Terrace, Boness, Scotland. (R. Crichton ; G. H. Smith.) 

Srrsss, Edward George, B.Sc., Refinery Engineer (Trinidad Leaseholds, Ltd.), 
c/o Trinidad Leaseholds, Ltd., Trinidad. (A. W. Nash; L. V. W. Clark.) 
(Transfer from Student.) . 

Srevart, Walter Osborne, Student (Scottish Oils, Ltd.), 7, North St. David 
Street, Edinburgh 2. (R. Crichton; G. H. Smith.) 

Stewart, Daniel, B. Se.., F.I.C., Chemist (Scottish Oils, Lid.), 28, Station Road, 
Broxburn, West Lothian. (R. Crichton ; G. H. Smith.) 

Tomson, Robert Cunningham, B.Sc., G.L.Mech.E., Engineer (Scottish Oils, 
a 203, Boness Road, Grangemouth, Stirlingshire. (R. Crichton; G. H. 

mith.) 

Tripney, James Sharp, B.Sc., Chemist (Scottish Oils, Lid.), The Cottages, 
Winchburgh, West Lothian. (R. Crichton ; G. H. Smith.) 

Warp, Ernest Richard, B.Sc., Chemist, Indo-Burma Petroleum Co., P.O. 
Box 1059, Rangoon. (A. W. Nash ; L. V. Woodhouse Clark.) (Transfer 


from Student.) 
Stanley Allen, Student (Vacuum Oil 49, — 
pay Rayners Lane, Pinner, Middlesex. (S. J. M. Auld; Ga. 
tck.) 


ARTHUR W. EASTLAKE, 
Honorary Secretary. 


PERMANENT COUNCIL OF WORLD PETROLEUM 
CONGRESSES. 


Meeting at Brussels, 28th January, 1939. 


The Permanent Council of World Petroleum Congresses met at 
Brussels on Saturday, 28th January, 1939, under the Presidency of 
Col. Louis Pineau. Two new members were co-opted to the Per- 
manent Council: Sr. Puppini, representative of Italian petroleum 
organisations; and the President of the Organizing Committee of 
the 3rd World Petroleum Congress due to be held in Berlin in June, 
1940. 

The next meeting of the Council has been arranged for Diisseldorf 
at the beginning of March. This meeting will be concerned with the 
question of general organisation of the 3rd Congress. 


PERSONAL NOTES. 


Mr. R. K. Dick1e is home from Iran. 

Mr. G. Hese.prn has returned to Iraq. 

Mr. G. E. Hiaeuss has left for Venezuela. 

Mr. C. E. Keep has returned to Burma. 

Mr. A. N. Lucte-Smira has returned to Venezuela. 


Mr. H. L. Lyne will shortly return home from Sarawak. 
Mr. F. A. Marr has returned from India. 
Mr. C. B. Roacs is in the U.S.A. 


Correspondence or Journals forwarded to the following members 
have been returned, and the Secretary would be pleased to receive 
any information regarding their present address: E. C. Brown, 
K. Burton, M. Carrer, O. C. Etvrys, V. C. 8. Gzorexscu, J. J. L. 
Hamitton, J. R. Hortn, A. D. Jongs, J. Lanper, H. R. Lovety, 
I. Lusty, F. Mackxiey, A. MacLean, G. P. C. A. Moon, 
S. N. D. Rornon, H. G. Spearpornt, J. Tavana, and A. H. 
WILLIAMS. 
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SOME APPLICATIONS OF ASPHALTIC BITUMEN 
IN INDUSTRY.* 


By J. 8. Jackson, B.Sc., F.I.C. (Member). 


Sm LeonarRD WOOLLEY, in the course of his excavations at Ur of the 
Chaldees, succeeded in unearthing a remarkably interesting mass of asphal- 
tic bitumen which probably dates back to the year 3200 B.c. Its size and 
shape suggested that it had been at some time contained in a basket, and 
we may reasonably conclude that it represents the surplus remaining after 
a workman had finished some waterproofing or cementing operation. 

It is known that naturally occurring deposits of asphaltic bitumen were 
available, and that this material was extensively used in early Biblical 
times for a variety of purposes. This basketful of asphaltic bitumen from 
Ur may therefore be regarded as illustrating one of the very early industrial 

applications of asphaltic bitumen. 
' Since those very early times the characteristic properties of asphaltic 
bitumen have created a demand which could only be met by distilling 
suitable crudes on a large scale, and in the development of this process of 
distillation the petroleum industry has displayed such commendable enter- 
prise that the modern distilling plant bears very little resemblance to the 
conventional still of the early text-books. The modern still used for the 
manufacture of asphaltic bitumen is, in fact, an instance of the application 
of exact science to industry, the engineer and physicist having joined 
hands to produce a highly efficient plant designed, constructed, and 
controlied strictly along scientific lines. 

Asphaltic bitumen is now manufactured in plants operating under vacuum, 
suitable crudes or topped crudes being distilled to yield products graded 
according to their penetrations. A typical plant includes a pipe-heater, an 
evaporator and a fractionating column with the usual barometric condenser 
and the necessary heat-exchangers. In the vacuum plant the pressure at 
the top of the fractionating column may be of the order of 30 mm. of mer- 
cury, whilst the temperature of a particular topped crude passing to the 
evaporator was about 350° C., as compared with 400° C. in the case of an 
atmospheric plant for the production of the same grade (45 penetration). 
This vacuum process shows a decreased fuel and steam consumption, and 
yields improved products. The manufacture is controlled by the regular 
determination of the penetration of the product, and hourly penetration 
determinations have to be made. For this purpose the standard penetra- 
tion test is rather lengthy, and a “ rapid” modification has been devised. 
In this modification the apparatus consists of four small containers mounted 
on a base plate. Each container has the following dimensions : 


Height . ‘ ‘ 25 mm. 
Internal diameter. 12-5 mm. 


The four cups are filled in the usual way, and cooled in air for 5 minutes 
and in water at 25° C. for 10 minutes. The contents of one cup are then 


* Paper presented for discussion at the One Hundred and Eighty-fourth General 
Meeting of the Institute of Petroleum held on December 13th, 1938. 
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penetrated. From the penetration figure obtained a time factor is chosen 
from the following table : 


Initial Penetration. Time Factor. 


Nil— 60 5 seconds 
61- 90 « 
91-110 
111-190 
191-215 


The contents of the remaining three cups are then penetrated for this 
time, and the average penetration is reported. 

Although the straight grades find many applications in industry, there 
are other industries which call for grades which are less susceptible to 
temperature changes and which retain some measure of pliability at 
relatively low temperatures. Such grades are produced by “ blowing” 
a soft grade manufactured in the ordinary way. The precise nature of the 
chemical changes which take place during this “ blowing ” action has not 
been established, but it is agreed that the chemical action consists essen- 
tially of the removal of hydrogen by the oxygen. This removal of hydro- 
gen probably leads to the formation of more complex molecules, and the 
properties of the bitumen undergo a fundamental change. The “ blown ” 
products show higher melting points for given penetrations or, in other 
words, they have higher penetration indices. Briefly, “ blown” grades are 
less susceptible to temperature changes, and they are more pliable than the 
straight grades. It should perhaps be emphasized here that such “ blown” 
grades do not contain any appreciable amount of combined oxygen. 

The chemical action resulting from the “ blowing” of the bitumen is 
exothermic, and temperature control is a matter of great importance. 
The effective use of the air is also a very important consideration in con- 
nection with the process. Both of these considerations have been satis- 
factorily dealt with in the continuous “ blowing ” processes now in opera- 
tion. One type of continuous “ blowing” plant consists essentially of a 
vertical vessel with multiple air-jets passing through the base. The level of 
the bitumen is maintained constant, and the air supply so regulated that 
maximum use of the available oxygen is attained. With this type of plant, 
temperature control is greatly facilitated and uniform products are obtained. 

The following table gives the properties of “ blown ” grades of bitumen 
on the market : 


Melting point (R. & B. Cc. - 130-140 110-120 80-90 80-90 70-80 
Ductility at 25° C. . - lem. 2 cm. 3 cm. 3 cm. 4 cm. 
Penetration at 25° C. . ° - F12 10-20 35-45 20-30 25-35 


If the straight grades.are added to these, a very wide range of closely 
controlled products is available, and it is not surprising that in one way or 
another they have found applications in a multitude of industries. It is, 
of course, only possible to select three or four typical applications for dis- 
cussion in this paper, but it is hoped that other papers will be forthcoming 
dealing with specialized applications in greater detail. 


Pree anp COATING. 


Manufacturers of steel pipes soon appreciated the suitability of asphaltic 
bitumen for the protection of both the insides and the outsides of pipes. 
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Relatively thick coatings are normally used, and it is obvious that such 
coatings must neither flow when the pipes are exposed to the sun during 
storage, nor crack at low temperatures in transport or when being laid. 

The following special tests have been devised to ensure that the suggested 
compositions meet these requirements. These tests are known as the 
“ flow test ”’ and the “ shatter test.” 

In the “ flow test” a coat of the composition, 5 mm. in thickness, is 
applied to a flat steel plate. White marks are then painted across the width 
of the coating. The assembly is supported at an angle of 45° in an incu- 
bator maintained at the test temperature. The average displacement in 
millimetres of the marks after 20 hours is taken as a measure of the flow. 

The “shatter test’ consists in determining which of a series of steel 
balls is just capable of causing a 5-mm.-thick coating of the composition 
to crack when the ball is dropped from a height of 2 metres on to a standard 
steel plate to the under-side of which the coating under test is adhering. 
Standard ball-bearings of various sizes are used, and the weight of the ball 
just capable of cracking the test-piece is reported as the result of the 
test. 

Compositions complying with the following general requirements have 
given satisfactory results when used as inside coatings to be applied in a 
molten condition by the rapid rotation of the pipe : 


Melting point (R. & B.), ° C. 100-130 
Penetration at 25° C. 25— 10 
Flow in a 5-mm. layer at 70° C. 

at 45° inclination after 20 hours Less than 1 mm. 


Shatter test at 15° C. 358 grms. 
” ” 0° C. 45 ” 
Maximum filler content 30% wt. 


“ Blown” bitumens are used in the preparation of such compounds. 
The application of thick coatings naturally reduces the effective internal 
diameter of the pipe, and it may appear that there must be a decrease in 
the carrying capacity of the coated pipe. Such is not the case, however, 
and it has been established that the loss of head for the same length of a 
bitumen-lined pipe is 20 per cent. less than in the case of a similar pipe 
uncoated. It has been established in practice that for diameters in excess 
of 20 cm., pipes with a bitumen lining 0-5 cm. in thickness will always have 
a greater carrying capacity than the same pipe uncoated. 

These observations apply to new pipes, and the advantage in favour of 
the bitumen-lined pipe will obviously be much greater in the case of old 
pipes, where corrosive products greatly increase the friction and reduce the 
carrying capacity of uncoated pipes. 

Much work has been carried out in connection with the production 
of satisfactory outside coatings, and highly successful results have been 
obtained. 

In the first place, two special tests for the examination of outside coatings 
merit attention. It is, of course, essential that a satisfactory outside 
coating should be non-porous and free from pin-holes. In the case of thin 
coatings, the condition in this respect can easily be tested by the potassium- 
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iodide test. In this test the positive pole of a 44-volt pocket battery is 
connected to the metal of the test-pipe. The negative pole is connected 
to a lead plate, which is pressed against a piece of muslin soaked in potas- 
sium-iodide starch solution which lies on the surface of the coated pipe. 
The current is allowed to pass for one minute, and the lead plate then 
removed. The existence and positions of any pin-holes are established by 
the presence of dark-blue spots on the cloth. Thicker coatings can be 
tested along somewhat similar lines using a high-tension alternating cur- 
rent of low amperage, porous spots being indicated by the occurrence of 
sparking. 

For complete impermeability it is necessary to use coatings of at least 
0-5 mm. thickness, and the use of “ blown” bitumens is desirable. An 
apparatus designed for measuring the thickness of the coating consists of 
a stout, insulated needle mounted at the extremity of a micrometer screw, 
which in turn is mounted on a stand which can be firmly strapped to the 
pipe under examination. This needle is connected to one contact point of 
an indicator lamp. The stand is also fitted with a set screw which is 
connected to the other contact of the lamp. Contact with the actual metal 
of the pipe is first established by means of this set screw. To measure the 
thickness of the coating, it is then only necessary to bring the needle into 
contact with the bituminous surface, read the micrometer, and then screw 
down the needle through the coating until it touches the metal, when the 
micrometer is again read, the difference between these two readings giving 
the thickness of the coating. The contact between the needle and the 
pipe is accurately established, since the needle completes the circuit and the 
signal lamp is lighted. 

It has been found necessary to incorporate micro-asbestos in such 
compositions and a suitable composition consists of 70 per cent. of “‘blown”’ 
bitumen and 30 per cent. micro-asbestos. The “ blown” bitumen must 
be so chosen that the composition does not flow more than 1-5 mm. at 75° C. 
or 40 mm. at 100° C. when tested as described above. In applying these 
coatings, it is usual to paint the pipe with red lead and apply a priming 
coat of a solution of a “blown” bitumen similar to that used in the 
composition itself. Such pipe enamels may be further protected and 
reinforced by being wrapped with coir fabric, a material which is extra- 
ordinarily resistant to the various disintegrating influences. 


ComPpounpDs. 


Bituminous joint-filling compounds are used in considerable quantities 
for a variety of purposes, but a feature common to all applications is that 
the filling compound must prevent water penetrating into the joints with- 
out the separate parts of the structure being rigidly jointed. Asphaltic 
bitumen meets these requirements very satisfactorily, since it resists even 
aggressive waters, whilst, on account of its plastic nature, it allows a certain 
amount of movement of the parts without damage to the joints. 

For some purposes it is desirable to add filler, and the following figures 
show the influence of the nature of the filler upon the stability of the 
mixture : 
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Mixture of : 55% euphalate bitumen point Height of fall of 50- 
(50-60 penetration), 45% filler. °C, | gm. weight at 0° C. to 
cause cracking, cm. 


Limestone ‘ ‘ 55-5 170 
Powdered shale . ‘ 57-0 200 
Micro-asbestos . ‘ 61-0 700 


The increase in shock resistance conferred by a fibrous filler is quite 
striking. 

As might be expected, “blown” bitumens also show good shock 
resistance, as shown by the following results : 


Shatter test at 0° C. 


Height of fall 2 


metres. 
Normal asphaltic bitumen . 57-0 45 36 grms 
Blown” asphaltic bitumen 85-5 40 357 
** Blown” asphaltic bitumen 93-0 36 761 «4, 


In certain cases it is necessary that jointing compositions should be able 
to accommodate movements of concrete masses due to subsidence or changes 
in temperature. These conditions call for a measure of ductility and 
satisfactory adhesion. These features may be studied by means of the 
special apparatus shown in the slide. 

A joint 15 mm. wide between two concrete blocks is filled with the 
composition under test. The concrete blocks are cast with grooves, by 
means of which they can be fixed in the clamping device of the apparatus. 
One half of this clamping device is fixed, whilst the other is free to slide 
along a guide-rail. This free half of the clamp is attached to the free end 
of a bronze rod. This rod is surrounded by an electrically heated oil-bath. 
In carrying out a test, the oil-bath is heated at a controlled rate, and the 
expansion of the rod is transmitted to the free half of the clamp. In this 
way the blocks are caused to approach each other, and the jointing com- 
position is slowly compressed and partly expressed from the joint. On 
cooling the oil-bath, the reverse action takes place, and the jointing com- 
position is stretched. The apparatus works smoothly and slowly, repro- 
ducing practical conditions. 

In an actual test the joint is narrowed by 3 mm. during about 3 hours, 
and then stretched through 3 mm. in about 10 hours, the whole process 
being repeated at least six times. 

The following mixtures gave satisfactory results when tested in this way : 


A. 50 parts fluxed “ blown ” asphaltic bitumen 
(Melting point (R. & B.) 51° C.) 
(Penetration at 25° C., about 140) ; 
50 parts powdered asbestos (Asbestine). 
B. 42 parts by wt. asphaltic bitumen, 300 penetration ; 
fine sand; 
11} ,, » asbestos fibres (2-4 mm.). 
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The construction of satisfactory joints is of special importance in con- 
nection with hydraulic engineering, and protective revetments of stone or 
concrete on coasts, rivers, canals and reservoirs offer great scope for use of 
bituminous joint-filling compounds. 

The purpose of the joint is primarily to prevent the attack of the water 
on the underlying soil, but in the case of stone revetments, the mechanical 
resistance of the revetment is also greatly increased by the cementation of 
the individual stones. It is also of great importance that such stone 
revetments should be able to follow slow settlements of the soil without 
fracture. Bituminous jointings meet this particular requirement, and, 
in addition, they offer satisfactory resistance to corrosive waters. 

In hydraulic work the surfaces to be protected are usually sloping, 
and the resistance to flow shown by the jointing materials becomes of 
outstanding importance. On the other hand, high ductility and shock 
resistance are not essential. 

A very simple test has been worked out for the determination of the flow 
resistance of such jointing compounds. 

In this test emphasis is laid on the imitation of practical conditions, and 
suitably shaped slabs of concrete are separated by distance pieces and 
bolted together to form imitation joints. These are 5 cm. deep and 1 cm., 
3 cm., or 5cem. wide. The slope is determined by the practical conditions 
to be met, but is usually 1:1. The apparatus shown in the slide is 
arranged for the simultaneous examination of three compounds. When the 
assembly has been completed, the original positions of the compounds are 
marked by rows of white dots, and the whole construction is maintained 
at the maximum temperature expected in service. The amount of flow 
taking place is indicated by the displacement of the white dots, and 
measurements are made at regular intervals. 

It has been found that it is essential to incorporate fibrous fillers 
in bituminous jointing compounds to be used on slopes even in 
temperate climates, and short-fibred asbestos has given most satisfactory 
results. 

Slag wool and cotton have also been used with some success, but special 
care is necessary in handling and applying these materials. 

Mixtures of the following two types have given satisfactory results in 
practice : 


(1) Mixtures containing a relatively high percentage of bitumen of 
medium hardness, sand, and a small percentage of short-fibred asbestos. 
These mixtures can be poured at 180—200° C. 


(2) Mixtures containing a relatively low percentage of soft bitumen, 
sand, filler, and a small percentage of asbestos. 
These mixtures have to be trowelled. 


Both types adhere well to stone, but type (2) mixtures are rather more 
ductile at low temperatures. 

In general it is permissible in hydraulic work to use a harder bitumen or 
a higher percentage of mineral filler with a soft asphaltic bitumen than would 
be necessary in the case of road-work, which naturally calls for greater 
shock resistance and higher ductility. 
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Hypravtic Works. 


One of the very oldest applications of asphaltic bitumen seems to have 
taken a fresh lease of life during the last few years. I refer to the use of 
asphaltic bitumen in connection with hydraulic works. The protection 
and waterproofing of river- and canal-banks, dams, reservoirs, swimming- 
pools, coast works, etc., give rise to a number of interesting problems, and 
have inspired many investigations. 

This is a very large subject, but it will suffice in this paper to consider 
one or two typical works in some detail. 

The waterproofing of the Ghrib Dam, Algeria, provides an interesting 
and instructive example of bituminous hydraulic work. This work en- 
tailed the waterproofing of the upstream face of a rock-filled dam 65 metres 
in height. The slope in this case steepened from 1 : 1 at the foot to 1 : 0-67 
at the summit. 

The waterproof mask was built up of the following courses : 


(1) A drainage layer (8 cm.) of lean cement concrete. 

(2) Cutback tack coat. 

(3) 6 cm. asphaltic concrete. 

(4) Tack coat 200 penetration. 

(5) 6 cm. asphaltic concrete. 

(6) Cement mortar tack coat. 

(7) A protective and heat-insulating layer (10 cm.) of concrete slabs 
suspended from the crest of the dam by a continuous reinforcement. 


The asphaltic concrete aggregate used was composed of : 
30 per cent. weight 12/25 mm. limestone chippings. 


15 ” ” ” 5/12 mm. ” ” 
25 ” ” 0/5 mm. 
fine sand. 
filler. 

Composition of Mix. 


7 per cent. aggregate. 
,», asphaltic bitumen, 20/30 penetration. 


A striking feature of this work was the ingeniously designed steel bridge 
which carried an electrically driven 5-ton roller, and also the working plat- 
form from which the mix was spread. 

The success of the work may be judged from the fact that percolation 
through the revetment under a head of 32 metres of water over an area of 
8000 sq. metres amounted to only 1-3 litres per minute. 

Experience has shown that in the construction of bituminous revetments 
on steep slopes it is essential to secure a good bond between the bituminous 
layer and the underlying surface. This consideration is at least as im- 
portant as the composition of the bituminous layer, if flowing is to be 
prevented, and the application of the tack coat is perhaps the most deli- 
cate operation involved. Either an excess or a deficiency of tack coat will 
result in slipping of the bituminous layer. In view of this experience, it 
is recommended that a reinforcement should be introduced between the two 
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The construction of satisfactory joints is of special importance in con- 
nection with hydraulic engineering, and protective revetments of stone or 
concrete on coasts, rivers, canals and reservoirs offer great scope for use of 
bituminous joint-filling compounds. 

The purpose of the joint is primarily to prevent the attack of the water 
on the underlying soil, but in the case of stone revetments, the mechanical 
resistance of the revetment is also greatly increased by the cementation of 
the individual stones. It is also of great importance that such stone 
revetments should be able to follow slow settlements of the soil without 
fracture. Bituminous jointings meet this particular requirement, and, 
in addition, they offer satisfactory resistance to corrosive waters. 

In hydraulic work the surfaces to be protected are usually sloping, 
and the resistance to flow shown by the jointing materials becomes of 
outstanding importance. On the other hand, high ductility and shock 
resistance are not essential. 

A very simple test has been worked out for the determination of the flow 
resistance of such jointing compounds. 

In this test emphasis is laid on the imitation of practical conditions, and 
suitably shaped slabs of concrete are separated by distance pieces and 
bolted together to form imitation joints. These are 5 cm. deep and 1 cm., 
3 cm., or 5em. wide. The slope is determined by the practical conditions 
to be met, but is usually 1:1. The apparatus shown in the slide is 
arranged for the simultaneous examination of three compounds. When the 
assembly has been completed, the original positions of the compounds are 
marked by rows of white dots, and the whole construction is maintained 
at the maximum temperature expected in service. The amount of flow 
taking place is indicated by the displacement of the white dots, and 
measurements are made at regular intervals. 

It has been found that it is essential to incorporate fibrous fillers 
in bituminous jointing compounds to be used on slopes even in 
temperate climates, and short-fibred asbestos has given most satisfactory 
results. 

Slag wool and cotton have also been used with some success, but special 
care is necessary in handling and applying these materials. 

Mixtures of the following two types have given satisfactory results in 
practice : 


(1) Mixtures containing a relatively high percentage of bitumen of 
medium hardness, sand, and a small percentage of short-fibred asbestos. 
These mixtures can be poured at 180—200° C. 


(2) Mixtures containing a relatively low percentage of soft bitumen, 
sand, filler, and a small percentage of asbestos. 
These mixtures have to be trowelled. 


Both types adhere well to stone, but type (2) mixtures are rather more 
ductile at low temperatures. 

In general it is permissible in hydraulic work to use a harder bitumen or 
a higher percentage of mineral filler with a soft asphaltic bitumen than would 
be necessary in the case of road-work, which naturally calls for greater 
shock resistance and higher ductility. 
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Hypravtic WoRKs. 


One of the very oldest applications of asphaltic bitumen seems to have 
taken a fresh lease of life during the last few years. I refer to the use of 
asphaltic bitumen in connection with hydraulic works. The protection 
and waterproofing of river- and canal-banks, dams, reservoirs, swimming- 
pools, coast works, etc., give rise to a number of interesting problems, and 
have inspired many investigations. 

This is a very large subject, but it will suffice in this paper to consider 
one or two typical works in some detail. 

The waterproofing of the Ghrib Dam, Algeria, provides an interesting 
and instructive example of bituminous hydraulic work. This work en- 
tailed the waterproofing of the upstream face of a rock-filled dam 65 metres 
in height. The slope in this case steepened from | : 1 at the foot to 1 : 0-67 
at the summit. 

The waterproof mask was built up of the following courses : 


(1) A drainage layer (8 cm.) of lean cement concrete. 

(2) Cutback tack coat. 

(3) 6 cm. asphaltic concrete. 

(4) Tack coat 200 penetration. 

(5) 6 cm. asphaltic concrete. 

(6) Cement mortar tack coat. 

(7) A protective and heat-insulating layer (10 cm.) of concrete slabs 
suspended from the crest of the dam by a continuous reinforcement. 


The asphaltic concrete aggregate used was composed of : 
30 per cent. weight 12/25 mm. limestone chippings. 


15 5/12 mm. ” ” 
25 ” ” ” 0/5 mm. ” ” 
fine sand. 
»» filler. 
Composition of Mix. 
92 per cent. aggregate. 
8 ,, ,, asphaltic bitumen, 20/30 penetration. 


A striking feature of this work was the ingeniously designed steel bridge 
which carried an electrically driven 5-ton roller, and also the working plat- 
form from which the mix was spread. 

The success of the work may be judged from the fact that percolation 
through the revetment under a head of 32 metres of water over an area of 
8000 sq. metres amounted to only 1-3 litres per minute. 

Experience has shown that in the construction of bituminous revetments 
on steep slopes it is essential to secure a good bond between the bituminous 
layer and the underlying surface. This consideration is at least as im- 
portant as the composition of the bituminous layer, if flowing is to be 
prevented, and the application of the tack coat is perhaps the most deli- 
cate operation involved. Either an excess or a deficiency of tack coat will 
result in slipping of the bituminous layer. In view of this experience, it 
is recommended that a reinforcement should be introduced between the two 
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layers of asphaltic concrete. This reinforcement could be anchored to the 
crest of the dam. 

A very interesting experimental “ under-water ” application of mastic 
was recently carried out at Scheveningen (Holland). The work was carried 
out on one of the groynes on the beach. These groynes, which are exten- 
sively used in Holland for coast protection, extend for a distance of about 
200 metres from the shore into the sea. 

In building such a groyne, a core of fascines is first constructed. This, 
in turn, is covered with straw, on which is laid a bed of gravel. This serves 
as a foundation for a crown course of basalt blocks, which are enclosed by 
stakes on either side. Beyond these stakes there is a pitching of basalt 
blocks at least 1 metre in depth on each side of the groyne. These 
pitchings serve the purpose of loading and protecting the fascines. Storm 
damage is considerable, and consists mainly in the removal of the pitching. 
It was thought that this damage could be prevented if the voids of the 
pitching were filled with mastic, and the present indications from the trial 
are very promising. 


High water 


Fie. 8. 
CROSS SECTION OF BREAKWATER, SCHEVENINGEN. 


The length of groyne for the trial was so chosen that the pitching was 
almost covered at low tide, with the high-tide level at least 14 metres 
above, so that the crown of the groyne is submerged twice daily under at 
least 1 metre of water. The mastic used had the following composition : 


70 per cent. fine sand. 
10 ,, ,, filler. 
20 ,, ,, asphaltic bitumen, 60/70 penetration. 


This mastic at 180° C. was conveyed in hand-barrows and tipped directly 
into the voids, until it was judged that they had been completely filled. 
The consumption of mastic amounted to about 600 kg. per square metre. 
The maximum depth of water through which the mastic was poured was 
3 metres at the toe of the pitching, about 12 metres from the centre-line 
of the groyne. 

It is obvious that no real adhesion can be expected under such conditions, 
but in this type of work it is considered that adhesion is not necessary, and 
it is hoped that so long as the voids are filled by a permanently plastic yet 
stable mass, the structure will be able to resist the attack of the waves. 

In spite of the high consumption, the process will, if reasonably successful, 
show a marked economy over present maintenance costs, 
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APPARATUS FOR COMPRESSION AND EXPANSION TESTS. 


Fic. 3. A 
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Fic. 7. 
GHRIB DAM, STEEL WORKING BRIDGE. 
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Cray EMULSIONS. 


Dispersions of bitumen in clay suspensions find many applications in 
industry. Such dispersions are produced by mechanical means, using such 
materials as bentonite as the emulsifying and stabilizing agents. The 
resulting emulsions are thixotropic pastes containing 50-60 per cent. of 
bitumen. They differ from the soap type of emulsions in many important 
respects, one interesting feature being that the bitumen particles are nearly 
all cigar-shaped, and not spherical. The emulsions are extremely stable 
to both mechanical and chemical action, and they do not coagulate to films 
of bitumen until the water in the emulsions has been completely evaporated. 
The residual films are supported by the clay skeleton, and are surprisingly 
resistant to flow under heat. Such emulsions are widely used in the manu- 
facture of bituminous paper and boards, and in various forms of protective 
films. The manufacture of clay emulsions presents many problems and 
difficulties, and has not yet been reduced to a systematic process. While 
various clays may be used, the bentonites are very efficient emulsifiers, 
producing satisfactory emulsions with 3-4 per cent. of clay (calculated on 
the bitumen). 

The first step in the manufacture is to prepare a suspension of the 
required amount of clay in water; this is known as the clay slip. This 
is usually done by first preparing a concentrated suspension containing 
perhaps 15 per cent. of bentonite in order to increase the effect of agitation. 
This concentrated suspension is then diluted with further water to the 
required concentration. Before the clay slip can be used as an emulsifier, 
it is usually found necessary to add an electrolyte, which has the effect of 
flocculating the clay to some extent. 

The principle involved in the large-scale preparation of clay emulsions 
is very simple, but in practice the process is very uncertain, and it is quite 
impossible to describe any precise procedure. In general terms the molten 
bitumen is poured continuously and simultaneously with the clay slip into 
a suitable form of mixer fitted with an efficient stirring device. The 
bitumen is pulled oat into thin threads, which ultimately break into the 
characteristic cigar-shaped particles. The emulsion during mixing is 
maintained at a temperature approximating to the melting point of the 
bitumen. With bitumen at 120° C. the clay slip may be maintained at 
about 45° C. 

The manufacture of paper consists essentially in the removal of water 
from a uniform layer of fibre deposited from a very dilute suspension of 
fibre in water. The preparation of the suspension involves the disintegra- 
tion in a beater of the particular fibrous material used. 

In view of the stability of these clay emulsions to mechanical and chemical 
action, it has been found possible to add them direct to the pulp in the 
beater and proceed to manufacture bituminous paper by the ordinary 
paper-manufacturing process, thus eliminating the more usual second 
impregnating process. The emulsified bitumen passes through the whole 
process with the fibre, and is finally remelted to form a waterproof coating 
on the fibres in the calendering process, which is primarily designed to give 
the paper the necessary glazed finish. 

Stable clay emulsions are easily handled, and it is not surprising that they 
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are used for a great variety of purposes. Perhaps the latest application 
is in connection with the protection of wooden structures against incendiary 
bombs. 

Wooden floors can be protected by a layer of sand, but this is not very 
satisfactory, as it is easily displaced. A more satisfactory and permanent 
method is to coat the floor with a bituminous mastic. This, however, only 
deals with part of the problem, as the shower of sparks from the bomb may 
ignite the walls of the building, which cannot very well be covered with 
mastic. . It has been found that wooden walls can be effectively protected 
by applying a l-cm. layer of a mixture of 1 part clay emulsion and 4 parts 
sand. This mixture can be easily applied and worked into cracks and 
corners. Such a coating gives very effective protection, but there is a risk 
that prolonged exposure to flames would destroy the adhesion of the 
coating to the wall, and for complete protection it is advisable to reinforce 
the coating by means of wire netting, which can be nailed to the wall. 

This mixture of emulsion and sand can equally well be used for the 
protection of wooden floors, and the mixture obviously provides an effective 
and simple means of protection for attics and lofts. 

The Shellperm Process constitutes another very interesting specialized 
application of a bitumen emulsion. 

In this process a very fine emulsion is pumped under moderate pressure 
into suitable porous soils, and caused to break when it has reached the 
desired location. The emulsion is used in a diluted form containing about 
30 per cent. of asphaltic bitumen, and, as used, it is practically as thin as 
water. As the specific gravity of the asphaltic bitumen differs little from 
that of water, the emulsion can be made to flow, without sedimentation, 
through permeable soil containing fine pores in the same way as water 
percolates. Under the same conditions the emulsion moves only a little 
more slowly than water through the soil. The emulsion can therefore be 
pumped through injection tubes into the soil under treatment at compara- 
tively low pressure. Under these conditions the ground-water in the pores 
of the soil is replaced by the emulsion without any appreciable amount of 
mixing taking place. As injected, the emulsion has no particular effect 
upon the soil, but by the addition of suitable “ coagulants ” to the emulsion 
it can be made to break at the expiration of any predetermined period, 
which may vary from a few minutes to several days. The coagulated 
particles of bitumen then clog the pores of the soil, rendering it impermeable. 

In this process the concentration of the emulsion injected, and thus the 
amount of bitumen put into the soil, and also the time of flocculation, are 
under control. 

The size of the pores in the soil to be treated is naturally an important 
consideration. In a coarse sandy soil the dispersion will naturally pene- 
trate more easily than in a fine-grained soil. Care must therefore be taken 
that the particle size of the disperse phase is adjusted to the soil porosity in 
accordance with the required depth of penetration. The particle size can 
be controlled during the manufacture of the dispersion, and any coarse 
particles removed by careful screening or filtering. 

In applying this process, injection pipes are driven into the soil at suitable 
distances from each other, and to such a depth that their open or perforated 
ends reach the porous layer in which an impervious screen is to be formed. 
The required quantity of the dispersion to which a suitable coagulant has 
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been added is then poured or pumped into each of these pipes, and allowed 
to flow into the surrounding porous soil, filling the voids of the soil, until 
dispersion issuing from the various pipes joins up forming a continuous 
impregnated layer. The essential feature of the process is that the dis- 
persion can then be caused to coagulate in accordance with the known 
conditions and the particular coagulant used. 

In addition to rendering the soil impermeable, the deposited bitumen has 
a marked stabilizing effect. 

The following two examples will serve to illustrate the application of 


this process : 


(1) Sealing the Bottom of a Building Pit. 

A building pit approximately 70 ft. long x 22 ft. wide x 14 ft. deep was 
suddenly filled by ground-water, which welled up as the result of a thin clay 
layer being disturbed by the driving of piles The stratum of sand at the 
level of the foot of the sheet-piling was made satisfactorily watertight by 
sixty injections of emulsion. 


(2) Assiut Barrage on the Nile. 

With a view to strengthening the barrage, the foundations had to be 
extended. For this purpose a coffer-dam made by driving sheet-piling had 
to be constructed on each side of the barrage. In the river this piling 
reached 4 metres below the concrete foundation slab, but where the piling 
converged upon the dam it was naturally not possible to drive piles through 
the foundation, and the piling was therefore continued over the top of it. 
Owing to the permeable nature of the subsoil, water would have seeped 
into the coffer-dam from under the foundations. It was therefore necessary 
to render the subsoil impermeable at this point to the normal depth of the 
sheet-piling. Holes were therefore drilled through the concrete foundation, 
and bitumen emulsion was injected at low pressure to form an impermeable 
screen, 30 metres long, 5 metres wide and 4 metres deep, under the founda- 
tion. Practically complete impermeability was achieved. 

The process can be operated only in rather porous soils containing few 
grains finer than 1/30 of an inch. 

As the coagulated bitumen is plastic, this process offers certain advan- 
tages over the use of cement slurries. 

Large quantities of asphaltic bitumen are used in the production of 
roofing-felts and floor-cloths. It also finds many specialized applications 
in the electrical industries. These applications all present technical 
problems of great interest. If to these problems we add the many others 
connected with the manufacture and application of emulsions and with the 
chemistry and physics of asphaltic bitumen itself, we can surely anticipate 
a long list of valuable papers which we hope will be presented before a 
Bituminous Materials Group of this Institute. 
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THE INSTITUTE OF PETROLEUM. 


INAUGURATION OF ASPHALTIC BITUMEN GROUP, 
DECEMBER 13th, 1938. 


Tue one hundred and eighty-fourth General Meeting of the Institute 
of Petroleum was held at the Royal Society of Arts, John Street, W.C.2, on 
Tuesday, December 13th, 1938. LizutENantT-CoLoneL 8. J. M. AvuLp, 
O.B.E., M.C., D.Sc., the President of the Institute, occupied the Chair. 

THE PRESIDENT said that the present meeting was the inaugural meeting 
of the Asphaltic Bitumen Group. The Council of the Institute was looking 
to the Groups, two of which had now been formed, to carry into fulfilment a 
good many of the hopes that had been founded on the broadened basis of 
the Institute. He thought the excellent attendance at the present meeting 
showed that the formation of Groups for the study of individual problems 
was the right step to have taken. Decentralization of that kind would 
not have any adverse effect on the General Meetings of the Institute. 
It would only strengthen the Institute and at the same time provide an 
opportunity, which had previously been lacking, for members with par- 
ticular interests in common to meet together and discuss their own problems. 

The Council had invited Mr. J. 8. Jackson to be the first Chairman of the 
Asphaltic Bitumen Group, and he would ask Mr. Jackson to explain his 
ideas with regard to its operations. 

Mr. J. S. Jackson, B.Sc., F.I.C., said the first announcement he had to 
make was that there would be no additional fee charged to members of 
the Group, but it was proposed to restrict membership of the Group to 
members of the Institute. The meetings would be held at the Institute’s 
premises, in the Adelphi. Meetings would be held on any technical 
subject of interest to those who were primarily concerned with asphaltic 
bitumen, its manufacture, its properties, its applications and so forth. 
Those meetings might be small intimate meetings or joint meetings 
with the Roads and Building Section of the Society of Chemical Industry, 
or meetings with papers presented to the full Institute. He should perhaps 
emphasize that it was not proposed to deal with subjects which would be 
more suitably dealt with by the Roads and Building Section of the Society 
of Chemical Industry. It was hoped to organize visits to places of interest 
to those engaged in the manufacture or applications of asphaltic bitumen, 
and such visits might be combined with short papers. The response had 
already been very encouraging, about fifty members of the Institute having 
expressed a desire to become members of the Group. Many of those who 
had expressed their desire to join the Group had forwarded suggestions as 
to subjects for discussion, and he wished to thank them for the interest 
they had shown, to invite further suggestions and to express the hope that 
volunteers would come forward to present papers. Such papers need not 
necessarily deal with the results of researches; a very interesting evening 
could be spent, he thought, in the discussion of an interesting observation 
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made or a difficulty encountered in some particular industry. It was 
hoped that members of various industries would present papers of either 
general or particular interest. If the present meeting was any indication 
of the future of the Group, he was sure the Group would be a very active 


and successful one. 

If anyone present had any suggestions to make or any questions to ask 
at the moment, he would be glad to hear them. 

As no questions were raised, Mr. J. 8S. Jackson then presented the 
following paper: “Some Applications of Asphaltic Bitumen in Industry.” 


(See pp. 51-61.) 
The paper was illustrated with lantern slides and a cinematograph film. 


DISCUSSION ON “SOME APPLICATIONS OF ASPHALTIC 
BITUMEN IN INDUSTRY.” 


Tue PRESIDENT said he was sure everyone present would agree that Mr. Jackson’s 
splendid paper had given the Asphaltic Bitumen Group a very good start. He had 
listened to the paper with the greatest interest, and he hoped that he would have many 
opportunities of attending meetings of the Group and learning more about the asphaltic 
bitumen side of the subject of petroleum. 


Dr. P. E. SPreLMANN congratulated the inaugural meeting of the Asphaltic Bitumen 
Group. As there seemed to be about two-thirds of the audience usually attending an 
ordirary meeting of the Institute, the size of the meeting was a very good augury for 
the success of the Group. The paper had set a standard which the Group would do 
well to attain in the future. The well-selected miscellaneous matters which the author 
had put before the meeting had resulted in a fascinating evening and one which they 
would remember. It was especially good for anyone like himself, whose mind had 
been directed rather to the road applications of bitumen, to have attention directed 
to the numerous other uses to which bitumen was being put. 

With regard to the blown bitumen, which was looked upon favourably in Holland 
but with suspicion in this country from the road point of view, he would ask the author 
how successful the concrete jointing to which he had referred really was, because blown 
bitumen was considered to be easily oxidized and therefore to be an undesirable 
substance to use on roads. 

He was interested to learn that micro-asbestos has come into its own; he believed it 
was too expensive to use in roads, but obviously it was a material which was especially 
suited for asphalt mixtures which were subject to particular stresses. 

He congratulated the meeting and the Author on one another. 


Mr. D. C. Brooms said that there was a vast number of applications of bitumen and 
it had been impossible for the author to deal with more than a few of them in his paper, 
but he thought the examples which the author had chosen were particularly interesting. 
Personally he was especially interested in the first application mentioned in the paper, 
namely, the question of pipe linings, and two points had occurred to him in that 
connection. The author had shown a slide illustrating the effect of different types of 
filler, and he thought it was of some interest to note that the situation was affected 
not only by the type of filler but also by the fineness of the filler. He had had a rather 
interesting case of that a year or two ago, when he had had to deal with the preparation 
of a large consignment of pipe-lining composition that was to be used for lining steel 
water mains in Penang. Owing to the peculiar conditions obtaining there, a special 
specification for the compound had to be worked out in the laboratory, and a compound 
was eventually arrived at which had a softening point of 170° C. That specification 
was duly passed over to the factory and the factory manufactured a large batch of the 
material. Samples were taken for checking purposes and it was found that they 
agreed exactly with the specification as far as composition was concerned, but the 
softening point, instead of being 170° C., was 130°C. Further investigation showed the 
trouble to be due to the fact that, in order to assist in getting the high softening point 
of 170° C., a very fine filler was used, and the plant conditions were such that, instead 
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of the great fineness of the filler being utilized, partial coagulation or clotting of the filler 
took place, so that it behaved as a much coarser filler. The whole batch was put 
back into the plant, and, by still further and more careful agitation, it was found 
possible to break down the filler without any question of overheating or anything of 
that kind. Samples taken at intervals gave gradually increasing softening points, 
until finally the figure of 170° C. was obtained. 

His mind also turned to those conditions where the filled bitumen compounds, in 
the ordinary sense of the word, were not quite sufficient. Sometimes a greater 
thickness of material was required, and for that purpose one generally used the other 
compounds to which the author had referred, containing a relatively small proportion 
of bitumen and a relatively large proportion of mineral matter of one sort or another. 
That came into the picture particularly in the case of the lining of concrete pipes and 
had some considerable application where special liquors had to be dealt with, such as 
sewage. It also helped in the question of speed of production of those pipes. With 
some of the modern methods of producing concrete pipes it was possible to apply 
asphalt linings to a thickness of as much as } in. immediately on to the green concrete, 
so that one could manufacture a concrete pipe, line it with asphalt and strip the mould, 
the whole process occupying about three minutes. That was, of course, very useful 
in the case of high-speed production work. 

With regard to Dr. Spielmann’s reference to the question of expansion jointing for 
concrete work, he also had found micro-asbestos very useful in connection with that 
kind of work. He had had a rather interesting case not long ago in connection with 
the foundation work of the new University of London building in Bloomsbury, where 
large masses of concrete were being placed for foundations and it was desired to 
provide jointing between the sections of that concrete without interfering with the 
works. Eventually the following method was adopted: as soon as one section of 
the concrete had been placed and allowed to stand long enough to enable the shuttering 
to be removed, the end face of that section was covered with a layer of cold mastic 
asphalt, manufactured with an emulsified bitumen, micro-asbestos and a certain 
amount of other mineral material. That was trowelled on in the same way as one 
applied hot mastic, but, it being emulsified and applied cold, perfect adhesion with the 
green concrete was obtained. As soon as it was in position the next section of concrete 


was poured straight up against that cold mastic, with perfect success so far as could 
be seen. That method had been used once or twice on other occasions, but he thought 
the case to which he had referred was the largest example of its use. 


Mr. J. McConnett SANDERS said he thought it must have struck many of those 
present who had heard the author’s excellent account of the modern applications of 
bitumen, that the very ancient peoples must have acquired a considerable amount of 
practical knowledge in the application of the material to their requirements although 
obviously they could not have had available anything approaching the modern 
resources of science and technology. It was astonishing to him—and he thought it 
must be to anyone who had read Dr. Forbes’ book on the applications of bitumen in 
antiquity—how nearly modern practice approached in its final results the methods 
utilized by ancient peoples who had a similar object in view. 

The use of chopped straw or similar fibrous material to prevent the soft bitumen from 
slipping on steeply inclined surfaces had its modern counterpart in the use of short- 
fibred asbestos. The bitumen-caulked cradle of the infant Moses was but a fore- 
shadowing of that more elaborate application wherein bitumen formed an important 
ingredient of the material used in building a modern dam. 

It is curious that in Mexico, which is probably the greatest producer of asphalt in 
the world to-day, there is little evidence that its ancient inhabitants utilized the 
deposits of naturally occurring asphaltic bitumen in their arts or industries. It is 
supposed that bitumen was used by the Aztecs as a form of incense burned to their 
gods, but it is difficult to understand how a material containing from 5 to 8 per cent. 
of sulphur could have been pleasing to the nostrils either of the gods or their 
worshippers ! 

There was one point which he wished to make with regard to the future work of 
the Group and that was its relation to those other industries in which bitumen was 
already, or could be, utilized. The manufacturers of the various forms of commercial 
bitumen were expending considerable time and energy in making their products suitable 
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for a great variety of commercial purposes, and in devising new applications for their 
material, but in many cases they lacked a corresponding amount of knowledge 
regarding the advances which had been made in the treatment of the materials with 
which their product would eventually be used. 

It seemed to him that it would be extremely useful if the representatives of these 
other industries, for instance the paper and concrete makers, the manufacturers of 
paints, engineers and members of the building trades, could attend the meetings of 
the Group and collaborate with its members in discussing any modifications which 
could be made, either in the bituminous product or in the material with which it was 


designed to be used. 


Mr. E. Lawson Lomax said that it might be thought, from what had been said 
about bitumen that evening, that it was a definite chemical compound, but in fact very 
little was known about the composition of bitumen and how its composition affected 
its physical properties. It was known that bitumens from different crudes had 
different properties under working conditions, but very little was known as to what gave 
those particular properties, and he thought that was a subject which might very well 
be discussed by the Group. The question of the effect that various elements, such as 
the percentage of sulphur or the amount of wax present in the bitumen, had on the 
working properties of the bitumen might also be discussed. Very little had been done 
in that respect, and it was a problem that should be solved if the Group was to fulfil 
a useful purpose for the users of bitumen generally. 


Mr. L. J. Cuaxk said there was one question he would like to ask the author. A 
photograph of an internal pipe coating with a mirror surface inside had been shown 
by the author, and when he referred to it he mentioned the term “ hydrocarbon.” 
Was there any ulterior motive for that term? Was the coating in fact a blown asphalt, 
or was it perhaps a coal-tar pitch ? 


Mr. E. A. Evans said he would like to emphasize what Mr. McConnell Sanders had 
said about the Group and its membership. He had been a little perturbed when he 
heard Mr. Jackson say that the membership was going to be confined to members of 
the Institute, as he was inclined to think that the Institute would lose something if 
there was that complete exclusiveness. 


Mr. Fuxuzawa asked the author what was the composition of the asphaltic concrete 
used in the water-proofing of the Ghrib Dam in Algeria. 


Mr. J. 8. Jackson, in replying to the discussion, said that the composition of the 
asphaltic concrete aggregate used in the waterproofing of the Ghrib Dam in Algeria 
was given in the paper as 10 per cent. filler, 20 per cent. fine sand, and graded limestone 
chippings, and the composition of the mix was 92 per cent. aggregate and 8 per cent. 
asphaltic bitumen, 20/30 penetration, but the most important consideration was the 
amount and nature of the tack coat which established the bond between the asphaltic 
concrete and the concrete underneath. Variations in the asphaltic concrete itself were 
not nearly as important as an excess or a deficiency of the tack coat. 

With regard to the hydrocarbon lining mentioned, to the best of his knowledge it 
was an ordinary asphaltic bitumen composition, and he had used the term ‘‘ hydro- 
carbon ” because it was the commercial term normally used. 

With reference to Mr. Evans’ remarks, it was hoped that a sufficient support would 
be forthcoming from members of the Institute to form a virile Group. The meetings 
of the Group would be open to guests, who could attend them just as they could 
attend the ordinary meetings of the Institute. 

As to the precise composition of bitumen, he hoped that papers would be forth- 
coming which would deal with the structure and constitution of asphaltic bitumen. 

Mr. Broome’s remarks were very interesting and informative. In his own reference 
to the effect of the filler he had emphasized the striking effect of the fibrous nature of 
the filler, but he agreed with Mr. Broome that the effective fineness of the filler was of 
fundamental importance. 

With regard to jointing compositions, he thought he could say definitely that for 
hydraulic work they were entirely successful. A little extrusion of the jointing 
composition did not matter in many hydraulic constructions. In road work any 
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jointing compositions extruded might be removed by the traffic. The two problems 
were quite distinct. As long as the jointing remained ductile and adhered firmly it 
would probably be successful in hydraulic work, and he thought the test that he had 
described would indicate whether satisfactory adhesion could be obtained under 
conditions of expansion and contraction. 


Tue PRESIDENT, in proposing a hearty vote of thanks to Mr. Jackson for his excellent 
paper, congratulated him on the inauguration of the Group, and expressed a hope that 
it would meet with great success. 


The motion was carried with acclamation, and the meeting then 
terminated. 


Mr. L. J. CHALK subsequently wrote : I was particularly interested in Mr. Jackson’s 
remarks on the methods of testing pipe-coating materials, as a number of tests employed 
in the Geochemical Laboratories are somewhat similar to those described. Our practice 
in the flow and shatter tests is to employ coatings } in. in thickness, whereas Mr. Jackson 
uses 5 mm. or about } in., which I take to be the normal thickness of application of 
the type of compound to which he refers. In the flow tests we prefer to place the plate 
in a vertical position in an oven at 60° C. (for compounds destined for use in temperate 
climates), whereas in the method described in the paper, the plate is supported at an 
angle of 45° in an oven at 70° C. 

Useful data regarding the brittleness of pipe-coating compounds can be obtained by 
means of the Fraass apparatus. The usual method of preparing the test specimen is 
not, however, very satisfactory, since it is extremely difficult to eliminate air bubbles 
and at the same time avoid overheating. Better results are obtained by placing the 
strip on a hot plate and rolling out the film with a small amalgamated copper roller 
until the weight of coating on the strip corresponds to the calculated amount. If 
desired two collars may be placed on the roller to give the requisite clearance between 
the roller and the strip. 

When the pipes are to be buried in a corrosive soil or used to convey corrosive fluids, 
it is useful to determine the resistivity of the coating to certain acids and electrolytes. 
For this purpose a film 0-5 mm. thick is prepared, either in the manner indicated above 
or by using a warm press, and sealed over the end of a glass tube about 4 in. long by 
lin. in diameter. The latter is then filled with the acid or electrolyte and placed in a 
beaker containing the same medium. An electrode is placed in each compartment and 
connected by a milliammeter. In due course failure of the coating is indicated by the 
passage of current. 

Passing to the use of micro-asbestos as a filler, I should not agree that its incorporation 
in pipe-coating materials is a necessity. Admittedly, it is an excellent filler for the 
purpose, but it is by no means essential and excellent pipe-coating compounds are on 
the market which have given entire satisfaction in service which do not contain it. 
Similarly, a wide variety of fillers may be used for joint-filling compounds, and economic 
considerations do not always admit of the use of the relatively expensive asbestos 
fillers. 

The formulation of jointing compounds for reservoirs demands very careful con- 
sideration having regard to the necessity for ensuring water-tightness of the structure. 
Gradual loss of jointing compound, either by flow or extrusion, must, of course, be 
avoided. In the case of reservoirs, the width of the joint varies considerably according 
to the amount of water in the reservoir, and conditions are obviously very much more 
difficult than in the case of a joint in a concrete road. Adhesion to the concrete is 
particularly important, but a high ductility is probably not so essential since the rate 
of movement is extremely slow. The compound should, of course, possess an adequate 
resistance to flow at all temperatures likely to be encountered in practice, and at the 
same time should possess a low viscosity at the temperature of pouring in order to 
enable narrow joints to be easily filled. In many respects, highly plastic bitumens 
containing no mineral filler are preferable to filled compounds for this particular 


purpose. 


Mr. J. 8. Jackson, in reply to the above, wrote: I thank Mr. Chalk for putting 
forward the descriptions of the tests used in his laboratory. They are distinctly 
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interesting, and I hope that other people will come forward with descriptions of any 
tests of interest. 

I agree that the use of micro-asbestos as @ filler is not essential, and I agree that 
excellent pipe-coating compounds are on the market in which other fillers have been 
used with complete success. 

In connection with the formulation of jointing compounds for reservoirs, it is 
difficult, if not impossible, to prevent some measure of extrusion, but this should not 
have any detrimental effect upon the joint provided the composition used has a 
satisfactory ductility and satisfactory adhesive properties as judged by the test 
described in my paper. 
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A VISIT TO RUSSIAN OIL DISTRICTS.* 
By H. G. Kueizer, Ph.D. (Member). 


INTRODUCTION. 


Or the long excursions that took place after the final sessions of the 
17th International Geological Congress at Moscow, the one to the Uralian 
and Caucasian oilfields will remain in the memories of the participants, 
who represented about fourteen different nations. 

The five well-illustrated official guide booklets prepared under the 
direction of A. J. Krems contain all essential geologic information on the 
areas visited, especially when studied in conjunction with the guide-books 
for the Caucasian and Permian excursions. 

Furthermore, a comprehensive account of this visit, with valuable 
details on oil-engineering questions, was recently published by L. D. 
Wosk.?® It is proposed, therefore, to confine this paper largely to the 
description of some oilfields and of a few features that have hitherto 
received only cursory recognition. 

The map of the Apsheron Peninsula has been taken from Goubkin’s 
“Tectonics of the South-eastern Caucasus,’’* with certain modifications 
by the author. The remaining figures have been re-drawn from the 
guide booklets. 

The author is indebted to the Directors of the Central Mining & Invest- 
ment Corporation, Ltd., for their liberality in affording him the oppor- 
tunity of taking part in this efficiently organized excursion to regions 
abounding in interest both geologically and technologically. 

Thanks are also due to the Russian colleagues for the enthusiasm shown 
and help offered during the entire Congress and excursion. 


Ou. Districts TO THE WEST OF THE URALS. 


General Geographic Remarks. 

The first destination of the excursion was the Permian district. As 
long as one hundred years ago Murchison attributed the sediments of this 
area to the Permian system. During the eighteenth century the exploita- 
tion of cupriferous sandstones of Upper Permian age, the more recent 
discoveries of deposits of potash salts, and finally the finding of com- 
mercial accumulation of oil maintained the continuous attention of mining 
engineers and geologists. 

From geologic and morphologic view-points the area between Moscow 
and the Central Ural mountains can be subdivided into :— 


1. The Russian Platform. 
2. The Preduralie. 
3. The West Ural. 


* Read to a meeting of the Trinidad Branch on June 22nd, 1938. 
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1. The Russian Platform represents a typical peneplain of horizontally- 
bedded Palzozoic, Mesozoic and Kainozoic sediments. The river system 
is senile, exhibiting little signs of erosion. 

Although regional folding is absent, signs of post-Paleozoic disturb- 
ances are present. At various periods the pre-Cambrian basement rocks 
have been fractured. Along the fault lines, blocks moved vertically and 
horizontally, disrupting the superimposed younger beds. Filexured faults 
or long, narrow anticlines resulted, such as, for example, that of the 
“Samara Bend,”’ with its oil pools in Paleozoic rocks. The oldest beds 
outcropping on the Russian Platform are of Carboniferous age. Devonian 
has been found only in bore-holes. The Upper Permian formation has the 
widest distribution. Marine Triassic is missing; in its place, the Upper 
Permian sediments gradually change to terrestrial deposits carrying 
dinosaur remains (Vestlugian). 

2. The Preduralie is closely related to the Russian Platform. It differs, 
however, in that it possesses scarcely discernible folds of great length and 
width. Farther to the east, blocks lifted to heights of 400 and 500 m. 
are an additional cause for the considerable rejuvenation of erosion. The 
axes of the folds are parallel to the main strike of the Ural Range—namely, 
north-south. Some of these regional uplifts are complicated by faults, 
and even by thrusts. The presence of reef limestones in Lower Permian 
and Upper Carboniferous are characteristic of the Preduralie. 

3. The West Ural forms a part of the extensive Uralian geo-syncline. 
Although the Central Ural, with its Variscean orogeny, consists of inten- 
sively folded and overthrusted rocks, the West Ural is considerably less 
disturbed in so far as Devonian and younger beds are concerned. 

The boundary between Preduralie and West Ural has been drawn 
along the north-south directed depression formed by the soft Artinskian 
sediments. The West Ural is a mountainous country with beautiful valleys 
containing swift-running rivers, and even rapids. The hilltops, which are 
the remains of the erosional surface of a former peneplain, reach heights of 
600 and 700m. They are often gently undulating with marshy watersheds, 
and are covered by forests. 


Geologic History. 

In order to arrive at a reasonably clear conception of the nature of 
occurrence of oil to the west of the Ural Range, a short synopsis of the 
geologic history is necessary. Since a correct interpretation of the palzo- 
geographic conditions is bound to lead to discoveries of new oilfields, the 
Russian geologists attach great importance to detailed biostratigraphic 
studies. 

During Lower Paleozoic time the Russian Platform was a land-mass. 
The area of the present Ural Range was, however, covered by sea. Although 
little is known of the extent of this sea, lagoon and shoreline conditions 
are exemplified by conglomerates, sandstones, thin bedded limestones and 
reef limestones. Upper Cambrian deposits are missing. Ordovician sand- 
stones and conglomerates are resting directly on Middle Cambrian beds, 
as in the South Urals. Lower Devonian sediments show a distribution 
similar to those of the Cambrian. 

During Middle Devonian time an important marine transgression took 
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Famennian Limestone with Spirifer tornacensis. 
Frasnian Bituminous limestone with Atrypa and Manticoceras 
intumescens. 
Givetian Limestones with Stringocephalus burtini. 
Eifelian Limestones with Conchidium baschkiricus. 
Coblentzian } sandstones, shales, and subordinate limestone. 
Silurian Gothlandian Continental and marine 
Ordovician Shales, sandstones, and t with diabase. Corals. 
Potsdamian (Apparently absent.) 
Cambrian — Dolomites, quartzites and phyllites with archeocyatus. 
rgian. 


place. Coming from the east, the sea flooded the Russian Platform and 
extended far into Poland. Parts of the West Ural still formed islands. 
Between these islands and farther to the west, bituminous limestone and 
shales came to rest beside sands and conglomerates. 

During Upper Devonian time the submergence reached its maximum, 
with the resultant deposition of well-bedded, dark, pyritic limestone, 


bituminous shales, dolomites and crystalline limestones. These Middle 
and Upper Devonian bituminous beds are some of the main source-rocks 
of oil to the west of the Urals. 

At the end of the Devonian, the north-west part of the Russian Plat- 
form emerged, with the consequent retreat of the sea eastwards. This 
recession continued throughout the Lower Carboniferous (Tournaisian), 
and the coal basins of Moscow and Kizel were formed. However, after 
the deposition of the Lower Visean coal-beds, regional subsidence again 
set in, and a thick series of Middle and Upper Visean gigantella limestone 
was deposited intercalated in places with bituminous shales. 

Middle and Upper Carboniferous as well as Permian times were charac- 
terized by the Variscean orogeny, and this, in turn, was responsible for 
the creation of the Ural Range. Folding and contemporaneous erosion 
started to the east of the Urals. The clastic material was transported to 
the west, and the rapid lateral changes of the Middle Carboniferous sedi- 
ments bear witness to the littoral conditions prevailing during this time. 

The Visean limestones were succeeded by lagoonal deposits in the 
form of dolomites coveréd by sands and clays. Orogenic movements 
gradually affected more westerly situated regions. There are no marine 
Upper Carboniferous or Permian sediments to be found in the Eastern 
Urals, but plant-bearing Upper Permian was discovered in a few remains 
protected by dislocations. 

During the rising of the Central Ural, the area of the present West Ural 
was continuously covered by a sea which produced successively the Upper 
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Visean limestone and a thick series of Moscovian and Uralian Fusulina 
limestone. Similar conditions persisted in Lower Permian times, and 
reefs of Schwagerina limestone fringed the most westerly deposits of clastic 
material washed from the advancing chains. Increasing quantities of 
sands, clays and marly limestones were deposited between the reef lime- 
stones and the mainland of the Central Ural. These littoral deposits are 
grouped under the stratigraphic term “ Artinskian,’’ and are several 
thousands of metres in thickness. In its nature, the Artinskian can be 
compared with the pre-Alpine Molasse. 

The main phase of Variscean movements affected the Central Ural 
during the Lower Permian, and the Artinskian sediments increased to a 
belt of 80 km. in width, whereby the conglomerates came to rest closer 
to the main Ural Range. 

The Kungurian stage of the Permian represented a time of general 
emergence of the Western Ural and a retreat of the sea westwards. 
Numerous lagoons and salt marshes were in existence, and potash salts, 
gypsum and dolomites became interbedded with red clays and sands. 
The regional emergence went steadily on, so that in Upper Permian time 
the entire West Ural and Preduralie was covered by a flat, monotonous 
desert with large deltaic fans of debris. The sediments of this period are 
generally known as Ufimian rocks. West of the desert extended a wide 
basin alternately flooded by brackish and marine water, which produced 
the sediments known as Kazanian. The marine deposits are closely 
related to the German Zechstein. There is a distinct similarity between 
the palwogeographic conditions of this Upper Permian time and those 
attaining to the east of the Caspian Sea at the present time. 

Towards the end of the Permian (Tartarian) the Kazanian Sea had 
dried up. The last remains of fresh and saline marshes were covered by 
red terrestrial sediments of Ufimian aspect. 

The remarkable similarity of the Permian sediments of the Western 
Ural to those of New Mexico and West Texas was a source of great interest 
to the American geologists. 

In Mesozoic times the Russian Platform, the Urals and the Donetz basin 
were a land-mass over which dinosaurs roamed. However, during Lower 
Jurassic time subsidence set in to the south, and the sea transgressed 
the Donetz basin. The present Volga Valley up to Samara was subse- 
quently flooded by the Middle Jurassic sea. Finally the Thetis sea of the 
Upper Jurassic transgressed the Preduralie depression and joined the 
Northern Ocean. To the east the Urals, and to the west the Russian 
Platform, remained land. The influence of the Northern Ocean prevented 
the growth of limestone. Only in the Donetz basin and in the Orenburg 
region are thin layers of lime found. In the Volga region oil shales were 
deposited, and are exploited near Kashpur 

The Cretaceous and younger rocks do not contain important oil deposits ; 
hence their history is not commented on in this paper. 


Oilfields. 
Amongst the oilfield districts to the west of the Urals, the excursionists 


visited some of the Permian and Bashkirian fields of the Preduralie and 
the Kuibishev district of the Russian Platform. These fields produce their 
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oil almost exclusively from Carboniferous and Permian limestones and 
dolomites. In Syzran thin layers of Carboniferous sandstone must be 
added to the list of reservoir rocks. 

1. Permian Region.—In 1929 the first commercial oil was obtained from 
the Gorodki structure situated about 65 km. north-east of the town of 
Perm. It was not, however, until 1934-1936, when the development of 
the Krasnokamsk district supplied additional information as to the nature 
of the reservoir rocks and the mode of occurrence of oil, that Gorodki and 
other structures received more attention. 

Geophysical prospecting greatly aided in the exploration of the irregularly 
undulating limestone structures concealed below younger beds. At the 
end of 1937, about fifteen structures were known. The main Prekamie 
structure of about 75 km. length and 16 km. width reveals a number of 
so-called “ brachy-anticlinal uplifts.’”’ It is, however, a moot point 
whether these oil-traps are really tectonic features. They may well be 
reefs which grew above the levels of the normally deposited limestone of 
Uralian age, in which case it is assumed that the Kungurian and Kazanian 
anhydrites, dolomites, reddish clays and sandstones imitate structural 
conditions solely by compaction of the compressible deposits superimposed 
on the slopes of the reef limestone. 

In Krasnokamsk Field the first oil was encountered at the shallow 
depth of 160-180 m. in Kungurian dolomites. Better concentration was 
discovered in the limestones and shales of the Martyanian stage of the 
Carboniferous limestone and at depths between 900 and 950 m., and 
there is every reason to expect additional accumulation in the Visean 
and Tournaisian stages of the Lower Carboniferous as well as in the 
Devonian. 

The occurrence of dolomitic layers within the limestone is a subject 
of considerable argument amongst Russian geologists. Some are inclined 
to consider them to be proof of surface exposure and weathering, whilst 
others believe them to be a part of the normal sedimentary conditions in 
growing reefs. It is quite obvious that reefs can become dolomitized in 
a “status nascendi’’; moreover, they can be full of holes, and along 
their outer rims can be covered with reef debris merging into normal 
shaley sediments without having been exposed to weathering. A different 
matter is the explanation of the presence of oil in these reef limestones. 
Apart from a possible vertical migration of oil from known deeper source- 
rocks, one has to consider the possibility of deposition of source-rocks in 
the stagnant depressions between growing reefs or between reefs and the 
old land-mass, since such sediments have commonly been known to form 
black muds with a considerable content of bitumen. 

The main oil-bearing bed of the Martyanian limestone attains a thick- 
ness of 40 m. in which the volume of oil represents about 20 per cent. of 
the rock volume. The oil of the Kungurian dolomites has a specific 
gravity of 0-925 with 22 per cent. light fractions between 100° and 270° C. 
The oil of the Martyanian shaley limestone has a specific gravity of 0-846 
with 36 per cent. light fractions. Very little gas is associated with the 
oil, hence the flowing life of the wells is short. The wells are spaced at 
approximately 250 m. centres. 

2. The Bashkirian Region—On the way from Ufa (the capital of the 
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PuaTeE 1. 
TRATAU, “‘ SHIKAN,”” REEF OF PERMIAN LIMESTONE. 
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PLATE 2. 
NORTH KABRISTAN, VARIEGATED APTIAN SHALES POSSIBLY PLICATED THROUGH 
GLIDING. 
(To face p. 72. 
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Puate 3. ( 
ELDAMA DOME, DAGHESTAN. AVALANCHE-LIKE SLIDE MASS OF UPPER y 
CRETACEOUS MARLSTONE IN EOCENE SHALES. ] 
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PLATE 4, 
ATLY BOYUN, DAGHESTAN. ‘‘ NEPTUNIAN DYKES” IN MAIKOP SHALES. i 
(Vo face p.73.] 
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Bashkirian Republic) to the oilfield of Ishimbaevo, one is continuously 
struck by the occurrence of abruptly rising beehive and whaleback-shaped 
limestone hills extending along the east side of the Belaya River Valley. 
“ Shikan ”’ is the local name of such a monadnock, amongst which the 
Tra-Tau imitates an almost perfect volcanic cone rising about 280 m. 
above the alluvial flats (Plate No. 1). These white limestone masses 
contrast strongly with the gently rolling landscape of the surrounding 
Upper Permian red beds. D. V. Nalivkin and others recognized the reef 
character of these “‘ Shikans,”’ although his explanation has not received 
general recognition amongst Russian geologists. The abundant occur- 
rence of Schwagerina princeps would place these limestones to the Uralian. 
The palezontologic studies of Guerassimov and others lead them to con- 
sider the rocks of the Shikans to be of Lower Permian age, and, what is 
more, to be a facies of the Artinskian. No doubt the Uralian facies, with 
its reciphal fauna, persisted into the Lower Permian. Similar conditions 
are known from the Silurian coral reefs of Gotland, the algal reefs of the 
Dolomites of Southern Tyrol and the sponge reefs of the Upper Jurassic 
of Swabia, to mention but a few different reef-formers exhibiting upward 
growth with a lateral facies carrying different faunas. In other words, 
the Shikans represent a facies clearly restricted laterally as well as vertically. 
The pure limestone contains less than 1 per cent. of insoluble material. 
The slopes of the reefs change laterally to debris and muddy limestone. 
Orogenetic movements may have slightly affected the limestones, and are 
very likely responsible for the semi-diapyric folds in the superimposed 
Kungurian anhydrites, gypsum and shales (see section through Ishimbaevo 
field). Ufimian red beds of an almost horizontal position cover the older 
formations. 

The Permo-Carboniferous reefs of the Bashkirian region lie parallel to 
the Ural Range and extend in a northerly direction, probably into the 
Permian region. They disappear towards the west of Ishimbaevo, and 
likewise to the east of the Tra-Tau, being thus confined to a belt of about 
20 km. in width. 

The Ishimbaevo Field is associated with a buried “ shikan,”’ and thus 
serves as a typical representative of about thirty-five others at present 
tested or under exploration. As far back as 1768 oil was reported to seep 
from Kungurian beds outcropping in the centre of the present Ishimbaevo 
field. Some prospect drilling was carried out in earlier years, but it was 
not until 1932 that the first commercial wells were brought in. During 
the course of time, three different dome-like uplifts have been delimited 
by drilling, and a proven area of about 5 sq. km. has been marked out. 
The oil is present only in the cavities of the dense limestones of the higher 
parts of the reefs. 

The thickness of the producing horizon of Ishimbaevo is between 50 
and 300 m. Production is found to a depth of about 1000 m. Bottom- 
and edge-water surround the oil pools. The largest initial production 
was 800 tons per day from one well. The average initial production is 
about 100 tons of an oil showing a specific gravity of 0-878 with 44 per 
cent. light fractions and a sulphur content of 2-5 per cent. The average 
well spacing is about 100 m. (330 ft.) and even less. It is claimed that no 
interference exists between wells. All wells are acidized and respond 
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initially, but fall off fairly rapidly. The close spacing of wells is, indeed, 
a strange feature for limestone fields, and only tends to prove the exist- 
ence of oil in cavernous horizons which are the product of normal sedi- 
mentation and not of secondary fracturing; otherwise communication 
over a greater distance would result. 

At Smakaevo, a pseudo-diapyric fold occurs about 8 km. east of Ishim- 
baevo (see Fig. 1). Kungurian gypsum with anhydrite pierces through 
Ufimian beds. The underlying limestone is completely despatched from 
this shear fold. It actually forms a depression filled with anhydrite. 
Such incipient diapyrs are common in the Fars of the Iranian oilfields, 
and according to G. M. Lees, are termed “ scruff-folds ’’ by the geologists 
of the Anglo-Iranian Oil Co. To what extent hydration of the anhydrite 
plays a réle in bringing about such structures is not clear. 

3. The Kuibishev Region—The route from the Bashkirian oilfields to 
the old town of Samara (now Kuibishev) on the Volga passes through a 
rolling landscape of Permian red beds. It appears that, wherever the Car- 
boniferous has been warped or faulted underground, there are prospects 
for oil. A few derricks spotted from the train seem to support this 
assumption. 

At Kuibishev, the Volga forms a hairpin bend of 200 km. in length. 

This so-called Samara bend or “ Samarskaya Luka”’ is undoubtedly 
connected with the uplift of the Jiguli hills, one of the flexures in the 
Russian Platform mentioned above. The outcrops of Permian and Upper 
Carboniferous limestones have always been famous for their richness in 
fossils. For this reason the Jiguli hills form a classical locality for the 
study of the Upper Paleozoic of the Russian Platform. Deep drilling 
disclosed Middle and Lower Carboniferous as well as Devonian. 

The latter is mainly composed of greenish-grey marls intercalated with 
limestones of possibly 210 m. total thickness. These Devonian shales 
can be correlated with the equivalent oil shales of the West Ural. The 
Carboniferous attains a thickness of about 1000 m. of limestones, with 
subordinate marls and clays. Directly overlying the Schwagerina lime- 
stones of the top Carboniferous is a series of dolomites and gypsum belonging 
to the Lower Permian, which have a total thickness of about 70 m. 

The overlying Kazanian is about 110 m. in thickness, and comprises a 
series of dolomites, gypsum and clays; it is sub-divided into a lower Spirifer 
and an upper Conchifer zone. The Kazanian represents a recurring 
depositional cycle of dolomite layers rich in fossils and gypsiferous beds 
poor in fossils, with a gradual tendency to decrease in the average fossil 
content upwards. 

The successively younger Tartarian consists mainly of red clays and 
marls with sandstones. Mesozoic beds with well-developed fossiliferous 
marine Jurassic and Cretaceous beds overlap the older formations. 

The Jiguli hills form moderately undulating uplifts limited to the north 
by an east-west striking fault or flexure covered by the Volga River 
alluvials. Thus the north flank of the Jiguli structure shows dips of 
40-45°, whereas those of the south flank do not exceed 3°. The Jiguli 
disturbance is of Lower Pliocene age, whereas the subsidiary uplifts are 
pre-Jurassic. 
Exploitation of asphalt from Upper Carboniferous Schwagerina lime- 
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stone and Permian dolomites has been carried out for a long time. The 
exploited beds are between 80 and 100 m. in thickness. Sands of the 
transgressive Jurassic are likewise mined. The presence of asphaltic 
limestone pebbles in Bathonian sands is a proof of the dissemination of 

oil prior to the deposition of Jurassic sediments. The source of this oil is 

undoubtedly in the Middle and Lower Carboniferous. 

The Syzran Oilfield supplied the first commercial production from 
Carboniferous beds in Russia. This field is associated with a very gentle 
uplift along the western prolongation of the Jiguli dislocation. An upper, 
poorly producing, shaley limestone horizon lies in the Martyanian, and is 
equivalent to the main producer of Krasnokamsk. The main producing 
horizon of Syzran occurs at a depth of 1000 m. in thin Tournaisian sands 
on top of a massive limestone which is barren of oil. The productive | 
area of the Syzran pool is not yet delineated, but could scarcely be more 
than 2500 acres. Future oilfields will undoubtedly be discovered along 
the Jiguli hills, their eastern and western prolongation. 


Tue Cavoastan On. Districts. 
General Remarks. 


Russia’s leading position in the world’s oil industry at the end of the 
last century was due to the Caucasian oilfields. Hven at present the bulk 
of U.8.8.R.’s production is derived from the old fields and their lateral 
extensions as. developed subsequently. Apart from oil, the Caucasus is 
richly mineralized, although the statement of one of the Russian inter- 
preters that ‘“‘ the Caucasus lacks in nothing but bird’s milk ’’ is somewhat 
exaggerated. It may, however, be almost true when applied to the 
resources of the entire U.S.8S.R. 

A very condensed synopsis of the major geological features of the 
Caucasus will assist in the conception of the vastly different types of 
structures found in the Circumcaucasian oilfields. 

On both sides of the main range of the Caucasus are located two rigid 
plates: to the north the Stavropol mass between the Kuban and Terek 
valleys, and to the south the Transcaucasian plate, divided by the saddle 
of Suram into a Rion and Kura segment. 

These resistant masses are composed mainly of strongly metamorphosed 
and dislocated pre-Cambrian rocks. Parts of these basement rocks are 
found to compose the old backbone of the main Caucasus range. Besides 
pre-Cambrian schists and granites, this backbone also consists of Cam- 
brian, Silurian, Devonian, marine Lower Carboniferous, continental Middle 
and Upper Carboniferous, terrestrial Lower Permian, marine Upper 
Permian and Triassic. All the sediments of these periods have been 
over-stepped by the Lower Jurassic, which forms the base of an enormous 
thickness of Mesozoic deposits. The geosyncline responsible for these 
Mesozoic sediments extended between the Stavropol and Transcaucasian 
plates and formed a part of the Thetis Sea in which thousands of metres 
of Jurassic and Cretaceous beds were deposited. To the south they are 
generally found in a flysch-like facies, whereas to the north mainly open 
sea deposits came to rest. During Tertiary time the two plates moved 
together as a result of Alpine orogeny, which led to the creation of the 
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mighty Caucasus Range with its crowning volcanoes along the main lines 
of disturbance. 

The fan-like arrangement of folds is also a result of this orogeny of the 
Central Caucasus. A part of the pressure was released in tangential move- 
ments, resulting in overthrusts towards the south. The north side is 
characterized by Mesozoic sediments dipping comparatively regularly to 
the north. The eastern segment of the north flank is, however, strongly 
disturbed. Cretaceous is there found to be thrust over Tertiary. The 
south-east and north-west plunging ends of the Caucasus reveal still more 
intensively folded Mesozoic and Tertiary beds. Towards the Apsheron 
Peninsula they reach a total thickness of about 12,000 m. : Pleistocene + 
200, Tertiary + 4500, Cretaceous + 3000, Upper and Middle Jurassic + 
2000, and Lower Jurassic + 2000 metres. 


Apsheron and Kabristan Region. 

The main oilfields of the Caucasus are associated with its south-eastward 
plunging end. Although the stratigraphy of this region has been studied 
for a long time, divided opinions still exist as to the actual age of some 
of the formations. The stratigraphic section that follows has been pub- 
lished by Goubkin,’ and has been amended by the author in accordance 
with the latest information. 


Structural Conditions. 


The most striking structural features of the Apsheron Peninsula are 
the “‘ pseudo-diapyric ”’ uplifts with their crescent and hook-like trends of 
folding (see map opposite, Fig. 3). These structures and their relation 
to the occurrence of mud volcanoes, as weil as their genetic association 
with an area of almost continuous subsidence, have been dealt with in a 
most interesting paper by I. M. Goubkin.* The true value of crescent-like 
folds still awaits a satisfactory explanation. W. Staub ” uses the term 
“ Rahmen Faltung ’’—i.e., “ frame-folding ’’—for this ring-like structural 
pattern of Apsheron. He suggests lateral resistance to otherwise un- 
restricted folding as the main cause for the occurrence of arched segments 
along axial regions. Similarly, cross and ringfolds, so Staub contends, 
would occur only where there is hindrance to a free development of anti- 
clines. 

As far as Kabristan and Apsheron are concerned, gravimetric surveys 
clearly demonstrate the presence of a tectonic depression to the east of 
the plunging Caucasus. This north-south directed depression must have 
already existed in late Tertiary time, as is manifested by the changes in 
thickness of the Producing Series—namely, zero in the Sumgait Valley 
to the west, and about 2000 metres on Artem Island to the east. The 
main line of Caucasian folding is still preserved in the Cretaceous and 
Eocene structures of North Kabristan, of which the important Kown 
anticline should be specifically mentioned. The strong south-eastern 
plunge of the Caucasus is reflected in the long anticlines of South Kabristan 
and the extraordinary meridianally directed segments of some Apsheron 
uplifts. 

Pseudo-diapyric Folds—L. Mrazec, who first introduced the term 
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Generalized Section of South-Eastern Caucasus. 
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“ diapyric fold” in geologic literature, defined it as a structure in which 
the core consisting of older soft material has pierced younger beds. Kraus, 
Krejci-Graf, Bogdanowitch and de Cizancourt made additional and 
important contributions to the knowledge of diapyrism by stressing an 
upward movement of the core region as being independent of the general 
dip of the flanks of the uplift. The following lines are quoted from Goubkin ¢ 
in his discussion of diapyric folds :-— 

“In the process of folding, at the time when deposits had been form- 
ing, tangential forces had, apparently, already predetermined the lines 
along which anticlinal folds are situated. On the one hand, they 
created weakened points at the arching portions of anticlines and, on 
the other hand, they caused unevenness of the underlying strata 
which results, in turn, in the uneven accumulation of deposits. This 
uneven accumulation of deposits originated zones of high and low 
pressure which, in turn, led to the further differentiation of the process 
where the predominating importance was assumed by the force of 
gravity, the force of vertical pressure acting upon plastic masses and 
impelling them to move along the lines of least resistance into the 
zones of low pressure.” 


Although one has to agree with the fundamental correctitude of this 
interpretation for most of the Apsheronian and Kabristan uplifts, it may 
be judicious to stress the part which uneven accumulation of deposits 
must have had. Once it is proved that the very reduced thickness of 
sediments in any crestal region represents the normal equivalent of the 
mighty deposits on the flanks and synclines, there would be no need 
for the assumption of considerable vertical movement of the beds. [If, 
however, ordinary compression between competent masses can be con- 
sidered responsible for the vertical appearance of the cores, the name 
“* pseudo-diapyric’’ is suggested, and would be more applicable to the 
nature of the Apsheronian folds. 

One of the main characteristics of “‘ pseudo-diapyric ’’ folds is the occur- 
rence of re-deposited fossils, especially foraminifera, in each younger bed 
occurring in the crestal region. The author repeatedly questioned geologists 
of the Baku region concerning the mode of distribution of foraminifera 
throughout the Tertiary series, but could not obtain a satisfactory answer, 
as apparently little attention was paid by the exploitation geologists to 
the study of foraminifera. According to one of the leading geologists, 
the reason for this disregard of foraminifera was their unreliable vertical 
distribution. Such a statement, however, indicates the marked difference 
in conditions from those ascertained by careful investigations of Cretaceous 
and Tertiary sediments outcropping in the synclines of North Kabristan. 
Should, therefore, any study of marine sediments in the crestal regions 
defy stratigraphic sub-division based on foraminiferal research, it would 
indicate re-deposition of foraminifera within these axial regions. Apart 
from the importance of arriving at a clearer conception of the nature of 
the extraordinary occurrence of reduced thicknesses of older sediments 
along the uplifts of Kabristan and Apsheron, it is possible to eliminate the 
undesirable elements of re-worked foraminifera and operate with type 
assemblages only. 
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Fig. 4 represents the general conditions observed in these pseudo-diapyric 
structures. 

At Zigil Piri the excursionists visited a trench cut through the crestal 
region of the local uplift. Below the unconformably overlapping Pro- 
ducing Series followed a normal succession of Pontian, Diatomaceous 
Series, Chokrak Spirialis and Maikop, the total outcropping thickness of 
which does not exceed 100 m., whilst their full development would be at 
least 1500 m. Such conditions are not in agreement with true diapyrism, 
wherein the up-squeezed old core is found in juxtaposition with more 
gently dipping younger beds of normal thickness. Until the true nature 
of such reduced series is explained, it would be advisable to discard the 
term “diapyric’’ for the Kabristan and Apsheron structures and sub- 
stitute pseudo-diapyric.”’ 

Mud Volcanoes.—Every reservoir of the Cretaceous and Tertiary deposits 
of the south-eastern end of the Caucasus can be oil- and gas-bearing when 
in a tectonically favourable position. It is therefore not surprising to 
find numerous indications of the presence of oil. The most important of 
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these are the mud volcanoes, which deserve special attention on account 
of their size and number. The cones of the Touragai, Kianzi Dag and 
Kalmas, to mention but a few, rise to heights of 400 m. above the adjacent 
Caspian Sea. 

The quantity of gas which continuously escapes from these vents must 
be stupendous. Eruptions are naturally most spectacular and impressive, 
especially when accompanied by spontaneous ignition and prolonged fires, 
during which the mudflows can be fused and burnt to porcellanite. In 
January 1922 the Otman-Boz-Dag exploded. According to 8S. Kovalevsky, 
the smoke reached a height of 14 km. In March 1924 the flames of the 
Touragai could be seen from a distance of 700 km. 

Goubkin justly stressed the great importance of the study of the 
phenomenon of sedimentary volcanism as an aid in elucidating problems 
concerning the migration of oil and gas. He convincingly demonstrated 
the genetic association of mud volcanoes with pseudo-diapyric structures. 
Additional information obtained from Russian geologists during the visit 
clearly indicated the basic truth of his contention. Mud volcanoes which 
at one time were considered to be situated along a flank or even in synclines 
could, on closer investigation, be connected with hidden pseudo-diapyrs. 
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The practical importance of this knowledge is obvious to all who have 
experienced repeated failures to drill through the squeezed and shattered 
cores of axial regions underlying gently dipping superficial structures 
crowned with mud volcanoes. The early history of drilling on the Apsheron 
and Taman peninsulas is eloquent proof of the difficulties which are caused 
by such conditions. Similar cases can, no doubt, be quoted from other 
petroliferous areas distinguished by the presence of mud volcanoes. 

Amongst the ejectamenta found in the mud volcanoes of the south-east 
end of the Caucasus, are components of Tertiary, Cretaceous and even 
Jurassic rocks. It is obvious that gas alone cannot be responsible for the 
formation of the clay-breccia associated with these erratic blocks of different 
formations. Many cases are known where mud breceias have been 
squeezed like toothpaste through available cracks without the assistance 
of visible gas or water. Such cracks and fault lines are the normal accom- 
paniment of repeated epianticlinal collapse, which, in turn, is often the 
result of earlier exudations of large masses of mud. Drilling revealed the 
existence of thick deposits of mudflows in the Producing Series and younger 
beds. Upon subsequent compaction and tectonic movements, such intra- 
formational mudflows may have started to migrate again. In this way 
rock components of several cubic yards content have found their way 
to the surface, although they belong to depths thousands of metres below. 
The gas of the volcanoes is not necessarily directly related to oil, and 
many large mud volcanoes to the east and west of the Caspian Sea exude 
almost pure methane. 

Ring-shaped Folds.—Although the crescent and hook-shaped trends of 
folds appear to be controlled to a certain extent by the competent mass 
of 350 m. of Apsheronian sandy limestone, their occurrence must be 
associated also with the afore-mentioned tectonic depression still occupied 
by the Caspian Sea. At least 4500 m. of Tertiary sediments alone are 
estimated to underly the Apsheron Peninsula. The slope of the base of 
the Producing Series must have been at least 24 degrees. If one considers 
an additional sinking of the shelf, coupled with a rising of the “ hinter- 
land,”’ one is justified in assuming a gradual sliding of the great masses 
of soft Tertiary sediments. In this respect the Maikop clays and the 
Diatomaceous beds make admirable lubricants for any such movement. 
Incipient folds of Cretaceous and Eocene rocks initially aligned in con- 
formity with the main Caucasus direction were bent or over-ridden. 

Many indications of sub-aqueous solifluction could be noticed in the 
Caucasian region. Those of Daghestan will be discussed later. One of 
the most impressive features was seen on the way from Kiliazy to Alti 
Agach (see Plate No. 2). Intensely folded Aptian pink-and-white- 
coloured marly shales were found to be overlain by gently dipping sand- 
stones and shales of Subkemchi beds. One could but have the impression 
of a tremendous flow of these Aptian shales prior to the deposition of the 
Subkemchi beds with their basal block conglomerates, especially in view 
of the fact that more rigid beds below these shales showed no signs of such 
intense plication. 

The detachment and individual gliding of any of the more rigid forma- 
tions on lubricating shales is conceivable. Finally, the entire Cretaceous 
series may have sheared from the massive Tithonian limestone, whereby 
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the latter may form comparatively gentle structures when compared with 
the differentially folded overlying beds. 

In addition, one has to consider the possible presence of “ Blatt-faults.”’ 
Such a fault, for example, is indicated by a line through Khurdalan- 
Binagadi-Buzovny accompanied by a row of important mud volcanoes 
reaching far into Kabristan. Along this line the southern half of Apsheron 
has probably moved eastwards. At Buzovny an Apsheronian limestone 
ridge has been displaced to the east for a distance of 1 km. 

Evidence of over-riding movements is the displacement of structural 
highs in formations of different age but belonging to the same area of 
local uplift. At Kala the anticlinal axis of the Surakhany beds of the 
Producing Series is situated 3-4 km. to the south-east of the axial region 
of the younger Apsheronian limestone. The crest of the deeper-seated 
horizons of the Balakhany beds is still further to the south-east. In the 
Surakhany field the eastward displacement of deeper horizons is more 
than 700 m. In addition, the deeper beds show increasingly steeper dips, 
although the formation belongs to the same cycle of deposition. 

On Artem Island the same horizon has been encountered three times 
during drilling. Even this may be a case of submarine slumping. 

Lateral movements of fault blocks coupled with the sliding of entire 
formations towards the deepest part of the Caspian depression may well 
account for the existence of the extraordinary ringfolds, bifurcation and 
even crossing of anticlines as known in Kabristan and Apsheron. 


Oilfields. 

Fig. 3 shows the distribution of the major folds and oilfields of the 
Apsheron Peninsula. Of the many structures, the most important is 
undoubtedly the Kirmaku—Balakhany-Surakhany fold extending to Zykh 
and Peschany Island. According to Goubkin, this fold may swing from 
Peschany to Bibi-Eibat. Local uplifts, saddles and normal faults are 
responsible for the irregular distribution of oil. The northern uplift near 
the village of Fatmai exposes Eocene beds in its core. The second uplift 
of Kirmaku is opened to the Spirialis beds. The brachy-anticlines of 
Balakhany and Sabunchi are closed in the Producing Series. Surakhany, 
the fourth uplift, is sealed by gas-bearing Apsheronian. Kara Chkhur and 
Zykh are covered by still younger beds. The Producing Series increases 
in thickness from north to south—viz. from 1500 to 2500 m. This forma- 
tion consists of an alternating succession of sands subject to rapid lateral 
change, intercalated with silts and clays. Although fresh-water fossils 
are common, the sediments have probably been deposited in estuaries 
and muddy marine deltas. In the north-eastern Kura plains the Producing 
Series changes to a fanglomerate, but thins out rapidly towards the main 
Caucasus Range. Mineralogic examination indicates that the sediments 
of the Producing Series were deposited both by a Palwo-Volga and an 
earlier Kura river. 

The oilfields of Apsheron are exceptionally rich producers. Bibi-Hibat 
has the biggest acre-yield in the world. Up to eighteen horizons are 
produced from a thickness of 1850 m. of Producing Series, with an average 
sand content of 65 per cent. The spacing of wells of 100-120 m. and. 
separate tapping of almost every sand have resulted in the drilling of about 
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2600 wells. About seventy-four million tons had been produced up to 
lst January, 1936. The specific gravity of the oil increases with depth. 
This is generally the case on the Apsheron fields. The tectonic position 
of Bibi-Eibat is somewhat outside the normal trend of folds. The presence 
of mudfiows inside the Producing Series probably indicates a deeply 
seated pseudo-diapyric fold which might be in alignment with the main 
Kown-Boz-Dag anticline. In this connection the abnormal position of 
the mud volcano Otman-Boz-Dag demands comment. This volcano 
probably lies along the prolongation of the Shiki Kaya anticline. In 
such case the Shiki Kaya anticline would cross the Kara Dag-Utalghi 
line of uplifts. 


Future Prospects. 

Undoubtedly many fields remain to be opened up from amongst 
the 350 structures claimed to have been traced by the Soviet geologists. 
Drilling for the Cretaceous has already commenced. With Jurassic and 
Cretaceous source-rocks at depth, any reservoir-rock may yield com- 
mercial accumulation of oil. Incongruous folding, décollement ”’ 
(Abscherung) of incompetent masses of marls and clays on more rigid 
limestone and sandstone formations, as well as lateral shifting of axial 
regions, will probably complicate any prospecting to depth. 


Eastern Kura Plain Fields. 

These are, in many respects, different from the Apsheronian fields : 
their alignment is more in accord with the general strike of the western 
hinterland. The younger sediments are more thickly developed (Apsher- 
onian 800-1000 m., Akchagylian 125 m.). The Producing Series also has 
increased in thickness, mainly due to additional development of the clays. 
The discovery of about 300 m. of sand in the Maikop Series of Shiki Kaya 
(35 km. west of Bibi Eibat), and others in the Spirialis beds, offers hopes 
for similar conditions in the Kura plain. Besides the Producing Series, 
oil is also won from Apsheronian beds. As in other oil districts of U.8S.S.R., 
many new fields will be opened up in the Kura flats as exploration proceeds. 


DaGHESTAN REGION, 
General Geology. 

A cursory review of the general geologic conditions shows the following 
essential features (see also Fig. 5). The belt of Tertiary sediments along 
the Caspian Sea has a width of from 30 to 50 km. and a length of about 
200 km. The Tertiary includes almost all series from the Palwocene to 
the Upper Pliocene, attaining a thickness of nearly 4000 m. (see also 
Fig. 6). 

The main orogenic movement took place at the end of the Miocene 
and beginning of Pliocene. Box-like folds are typical in the region, and 
are especially common amongst the Mesozoic sediments of mountainous 
Daghestan. Although the anticlines of the Tertiary belt are relatively 
wide and flat, they are frequently overthrusted to the north, whereby 
Cretaceous may come to rest on younger Tertiary. Commercial accumu- 
lation of oil is mainly associated with the sands of the Miocene Spanio- 
dontella and Chokrak-Spirialis beds. Frequent indications of oil also 
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abound in the Maikop series and in Eocene marls. Especially rich reser- 
voirs of gas have been encountered in the Maikop series. 


Oilfields. 

The producing fields will be briefly discussed, as in the accessible literature 
little is known of some of the comparatively recent developments. 

Daghestan Ogni.—This field is located about 13 km. north-west of 
Derbent. It produces almost pure methane gas from Khadum and 
Maikop series. Shallow gas accumulation in the quaternary Caspian 
deposits has been commercially used for a long time for glass manufacture. 
Similar conditions are found in the dome of Duzlak. At Berekei oil was 
produced from the Oligocene Khadum beds and Eocene foraminiferal 
marls. However, hot iodine- and bromine-containing water flooded the 
entire field, and even prevented drilling to the Cretaceous. One well 
produced up to the 50,000 cu. m. per day of this hot water, and is now under 
control for exploitation of its halogens. The water is derived from 
Cretaceous, or even Jurassic, beds. The fissure system along which the 
water travels dissects even incompetent clays, such as those of the Maikop 
series. 

The oil of Kaia Kent Field is associated with the Chokrak sands of 
30-70 m. in thickness. The production is rarely more than 12 tons per 
day, but generally less. Nevertheless, it is hoped to sink about 1500 
wells to depths of 200-500 m. The Maikop series shows gas and little 
oil. Whereas Ogni, Duzlak and Berekei belong to one anticline 30 km. 
in length and about 5 km. in width, the Kaia Kent field is slightly offset 
to the west and considerably disturbed by thrust faults. 

The Izber Bash Field is characterized by Chokrak sands of 200 m. thick- 
ness, hence wells with an initial production of 200 tons are frequent. A 
strike fault divides the field. Two-thirds of the prospective area lies in 
the Caspian Sea. The field was discovered in 1936, and production is 
derived from Chokrak and Karagan beds. The oil has a specific gravity 
of 0-834 and carries almost 60 per cent. light fractions. An ultimate 
production of one hundred million tons is already claimed for this field 
of scarcely 34 sq. km. in extent, and this is without taking into con- 
sideration any possible prospects of Maikop and Khadum beds or Cretaceous. 

The Achi-Su Field occurs on a compressed anticline thrusted to the 
south-west—i.e., towards the mountains—similar to Izber Bash. Karagan 
and Chokrak beds are outcropping in the axial region. The oil is won from 
the deeper Chokrak sands. The structure is about 20 km. long, and 
gives promise of developing into a large field. 


Future Prospects. 

Apart from possible lateral extension of the present fields, there are 
prospects on other structures for Maikop, Eocene, and especially Cretaceous 
oil. Oil and gas seeps in the Lower Cretaceous are common. 


Slumping and Submarine Sliding. 

N. Uspenskaia and I. Brod introduced the excursionists to some most 
interesting features of submarine sliding that deserve the closest attention. 
To the west of the village of Karabudakh Kent rises the gently sloping 
dome of Eldama, exposing Upper Cretaceous covered along the flanks by 
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foraminiferal Paleocene, Eocene, Khadum and Maikop beds (see 
Fig. 7). 

The Cretaceous is represented by well-bedded Senonian marly shales 
and argillaceous limestone, overlapped by variegated marls and glau- 
conitic sandstone of the lower part of the foraminiferal Paleocene. The 
brown bituminous argillaceous marls, with remains of the fish Lyrolepis 
caucasica, indicative of younger Eocene age, transgressively overstep the 
Paleocene and Cretaceous, whereby blocks of these whitish, older beds 
are found completely surrounded by the dark Lyrolepis marls. At the 
same time a small basal conglomerate was formed. Greenish and white 
marls of the Upper Eocene, 100-200 m. thick, follow, and in their turn 
over-step the older Eocene and Cretaceous marls. At one place the 
excursionists noticed large masses of Senonian argillaceous limestone and 
Paleocene with an “ avalanche-like’’ aspect, rolled together, and com- 
pletely surrounded by the Upper Eocene foliated marls (see Plate 
No. 3). The Upper Eocene marls with the twisted and rolled-together 
slump masses of older beds have glided over strongly crumpled Lyrolepis 
marls. These older beds must have still been in a plastic state when 
the progressive overlap covered them. “ Under-cutting’’ has probably 
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taken place below sea level and along a gently dipping slope. Changes of 
sea current or earthquake accompanying orogenic movements may have 
assisted in setting such masses in motion. 

The submarine sliding reached its maximal dimensions during the 
deposition of the Miatly zone of the Lower Maikop series. Along the 
Kukurt Tau Dome, and to the west of Buinaksk, masses of Lyrolepis 
marl, Upper Eocene and Khadum beds, attaining sometimes a dimension 
of several kilometres in length and several hundred metres in thickness, 
are found detached from their original position and completely enveloped 
in the Oligocene areno-argillaceous Miatly beds. These slumped masses 
were, in earlier days, considered to represent tectonic breccias, overthrust 
scales or even remains of overthrust sheets. The great change in the 
thickness of the Maikop series from 1500 m. near the Kukurt Tau dome 
to 200 m. not far to the south-west of it indicates the presence of some- 
what steep submarine slopes during the time of their deposition. The 
nascent orogenic movement (Pyrenean phase) was probably accompanied 
by seismic shocks. A combination of these factors has to be considered 
in determining the cause of this large-scale slumping. 

Atly Boyun Pass is interesting on account of the three scales of Chokrak 
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and Spirialis sandstone thrust towards the south (see also Fig. 7). The 
shearing took place on the thick series of Maikop shales without having 
affected the older Eocene and Cretaceous beds. The highly bituminous 
Maikop series is represented by foliated scaley shales (paper shales) full of 
fish remains. These shales are considered to be a first-class oil source- 
rock. Along the joints, sulphur-yellow jarosite powder is common. Thin 
layers of grey sandstones and siderites are subordinate. Of interest are 
the so-called “ Neptunian dykes”’ of the Soviet geologists (Plate 
No. 4). These are sandstone dykes apparently connecting one thin sand- 
stone layer above with a lower one several metres apart. The inter- 
vening shales moved after these dykes had been formed and tore them 
into segments of a “ rosary-like”’ alignment. It is obvious that further 
movements would completely dislocate the sandstone segments, and the 
appearance of loose sandstone blocks in the midst of bituminous shale 
would result, causing a condition which might lead to a variety of false 
interpretations. The only reasonable explanation offered for the forma- 
tion of the dykes was that they were squeezed through cracks from one 
sand-lens to another during compaction. 


CoNCLUDING REMARKS. 


It is not possible in this paper to deal with the oil districts of Grozny, 
Georgia, Maikop and Kuban. These regions were visited by the members 
of the Congress, and a great deal of interesting information was gained. 
Some of the rock samples collected by the author have recently arrived 
from Russia, and it is hoped that the result of their investigation will be 


included in a future paper. 


Pointe-a-Pierre, 
Trinidad, B.W.I. 
May, 1938. 
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THE PURITY OF SOME HIGH-MOLECULAR 
HYDROCARBONS AS DESCRIBED IN THE 
LITERATURE.* 


By H. I. Waterman, Ph.D. (Honorary Member) and J. J. LEENDERTSE, 
Ph.D. (Associate Member). 


Synopsis. 


Attention is directed to the necessity of a more elaborate and systematic 
research in order to obtain more accurate and fundamental data for high- 
molecular hydrocarbons of several types. 

Stress is laid on the danger of accepting without criticism all data given 
in the literature. In general, hydrocarbons of which information as to the 
methods of preparation and a check on the purity are lacking or incomplete 
should not be accepted as pure without further confirmation. 

A consideration of the fundamental and very extensive work of Mikeska 
has shown that even in this case it is not justifiable to accept all the results 
-without criticism. 


Ir is of importance to know the composition of the natural and artificial 
hydrocarbon mixtures (e.g., those obtained by -polymerization), as the 
composition determines the properties of the products and also their 
technical importance. We have in mind particularly the high-molecular 
hydrocarbon mixtures, such as lubricating oils, of which the chemical 
examination is as yet but little advanced. 

Various methods are used to obtain a better insight into the nature of 
the high-molecular hydrocarbon mixtures. One group of investigators 
wishes to ascertain some idea of the composition of the mixtures by pre- 
paring a large number of hydrocarbons of different types, and by direct 
comparison between the properties of the hydrocarbons so prepared and 
the hydrocarbon mixtures to be examined. However important the 
knowledge of the properties of a great number of the high-molecular 
hydrocarbons may be, no final explanation of the structure of the products 
examined is to be expected for the present when working on these lines. 
Such a method can be completely satisfactory only after a very large 
number of pure hydrocarbons has been synthesized; moreover, it must 
be possible to split the mixtures to be examined completely, or almost 
completely, into their components. For the present both points entail 
difficulties; the number of known pure hydrocarbons is small; further, 
it is particularly unlikely that we shall be able to isolate quantitatively 
the components from the complex natural and synthetic hydrocarbon 
mixtures by the means at present at our disposal. 

For the present, at any rate, it seems more logical to us to prepare a 
number of pure hydrocarbons of varying types and to employ these for 


* Paper received November 1938. A subsequent paper on this subject will deal with 
‘* Preparation of some Pure Hydrocarbons for the Purpose of Testing the Physical 
Methods in Use for the Examination of Hydrocarbon Mixtures,’’ by H. I. Waterman, 
J.J. and D. W. van Krevelen. 
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the development and testing of general methods of analysis which may be 
applied to the hydrocarbon miztures to be examined as such, and which 
give us an idea of the average composition of these mixtures. Examples of 
such analytical methods are the method proposed by Davis and McAllister,1 
the specific refraction—molecular weight method ? and the specific parachor— 
molecular weight method.* The specific refraction—-molecular weight 
method enables the average elementary composition of the saturated 
hydrocarbon miztures to be determined quickly and simply (and therefore 
the average cyclic character which is directly connected with this). The 
third method gives an indication of the degree of branching of the hydro- 
carbon mixtures. 

Whatever course one wishes to pursue in order to arrive at a clearer 
insight into the exact composition of higher molecular hydrocarbon 
mixtures, it will always be important to know the properties of a certain 
number of pure high-molecular hydrocarbons. 

For this reason it is extremely regrettable that so little attention has been 
paid in the literature to the preparation of these compounds. The data 
available for high-molecular hydrocarbons are relatively small, and in 
several cases doubt as to their accuracy is fully justified. Some investigators 
present their results in such a form that it is quite impossible to decide 
whether the data are accurate. This incompleteness is often found in the 
description of the synthesis as well as in the determination of a number of 
physical constants of the reaction products. Several authors, for example, 
mention only the melting or boiling point of their substances. An accurate 
proof of the structure of hydrocarbons described is omitted in many cases, 
or is incomplete. Existing methods of checking, which had already been 
developed, are neglected. It is essential that, in view of the difficulties 
attending the synthesis of pure hydrocarbons, data shall be presented by 
means of which the purity of the compounds prepared can be critically 
judged. 

As there are always investigators who build on the work of others and 
reach conclusions from it, without taking into account the possibility of 
inaccuracies in the synthesis of various compounds carried out by these 
other investigators, it would in many cases have been better if the data 
with regard to “ pure hydrocarbons”’ had not been published, as their 
publication is more likely to hamper the formulation of an exact conception 
of the composition of high-molecular hydrocarbon mixtures than to 
contribute towards a solution of the various problems. 

Consequently the authors consider that in cases where information as 
to the method of preparation and a check on the purity are lacking or 
incomplete, the hydrocarbons may not be accepted as pure without further 
confirmation. 

This lack of accurate data for a number of high-molecular hydrocarbons 
of different structures gives serious difficulties for the investigation of the 
structure of natural and synthetic hydrocarbons and mixtures of hydro- 
carbons. It would be very fortunate if a great number of chemists would 
give more attention to this important (though very difficult) subject. 

Also we must be full of praise for the work of some investigators, who in 
recent years have felt this lack of data about high-molecular hydrocarbons, 
and have already attacked this problem in a serious and systematic way. 
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In this connection, especially, attention may be directed to the very 
systematic investigations of Mikeska. This author has undertaken the 
difficult and laborious synthesis of more than fifty high-molecular hydro- 
carbons. The physical properties of his products have been described in a 
first paper, whereas the details of the syntheses will be described in 
following papers. (A second paper has already been published.®) In the 
meantime in several communications the data of Mikeska have been 
used.5. 67 The authors were also very glad to find in the work of Mikeska 
several saturated hydrocarbons, which could be used for checking the 
specific refraction method mentioned before.? 

Unfortunately, however, it was observed that the ultimate composition 
derived from the specific refraction was not always in accordance with the 
ultimate composition deduced from the structural formule of the hydro- 
carbons given by Mikeska. Therefore the work of the latter author was 
studied in more detail. It is especially in connection with the fundamental 
character of Mikeska’s work that the authors feel obliged to publish the 
conclusions of their investigations in this direction. 

In Table I the data of saturated hydrocarbons prepared by Mikeska 
have been described. The specific refraction, calculated from mp and d, 
as well as the “theoretical” specific refraction (calculated from the 
atomic refraction values of Eisenlohr), have been given. Besides, the 
number of rings per molecule deduced from the specific refraction is 
mentioned. 

It may be seen that some important discrepancies are observed. 
Mikeska’s compound No. 11 in particular shows very important differences.* 
As the authors had proved before ® that for mixtures of hydrocarbons of 
very divergent types the specific refraction method gives a good idea of the 
elementary composition of saturated hydrocarbon mixtures within narrow 
limits, these differences roused some doubt as to the complete accuracy 
of some of Mikeska’s data. Moreover, the deviations observed for Mikeska’s 
compounds are found to show an improbable irregularity. For instance, 
if we compare compound No. 11 with No. 13, we see in both cases a great 
difference from the expected value for the specific refraction. However, 
in a contrary sense, although these two compounds are of exactly the same 
type, and only differ to an inconsiderable extent in the length of their side- 
chains. 

At most the objection might be raised against the application of the 
specific refraction method to Mikeska’s products that the specific refraction 
method was specially developed and checked for high-molecular hydro- 
carbon mixtures, whereas Mikeska’s article deals with individual substances. 
We have therefore collected a great number of data from the literature 
referring to individual high-molecular hydrocarbons. These data are 
given in Table II.¢ The differences observed in the elementary com- 


* The ultimate composition described by Mikeska is in accordance with the structure 
accepted by the latter author. 

+ During the preparation of this paper a very extensive list of physical constants 
of paraffin echesendbene was published “ A. V. Grosze and G. Egloff—‘‘ The Physical 
Constants of Paraffin Hydrocarbons,” Universal Oil Products Co., Chicago, Il. 
Although it is known that not all the compounds mentioned in this paper are pure, 
so that the data found in the list must be considered with much reservation, Grosze 
and Egloff’s collection can be very useful to the hydrocarbon investigators. 
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Taste I. 
Number of 
Specific Refrac- Rings 
Se. Molecule. 
ula 
Formula. Not | ap Weight, 
77°F. From Caleu- 
"D Theor- | Specific} Theor-| lated. 
and etical. | Refrac-| etical. 
qr. tion. 
H, 
H 
11 | 1-4538 03245 | 0-3204 10 | 336-38 
H, H, 
H, CH, 
Hy 
12 | 1-4627 | 0-8395 | 0-3278 1-0 | 392-45 
HH, H, 
Hs 
H, 
H, 
13 | 1-4643 | 0-8327| 0-3315 | 0-3204 392-45 
H, H, 
H, CH, 
H 
H 14 | 1-4677 | 0-8372 | 0-3318 | 0-3204 | 0-3 448-51 
H, H, 
H, 
37 |1-4739| 0-863 | 0-3255 | 03255 | 20 390-43 
H, H, 
H, 4H, 
H —CyH 
38 | 1-4759 | 0-8673 | 0-3251 | o-3260 | 22 | 20 | 446-50 
H, H, 
H, H, C,H, 
HH, 
39 | 1-4772 | 0-8615 | 0-3280 | 0-3260| 14 | 20 | 446-50 
H, H, 
HM, Call, 
46 | 1-4793 | 0-867 | 0-3271 | o-s262 | 1-7 | 20 | 474-53 
H, Hy H, H, 
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position calculated from the observations and those found are again 
expressed here in the cyclic character of the products. Although the cyclic 
character expected does not always tally completely with that found, the 
deviations are small for the majority of the compounds : a deviation of one 
ring per molecule, as found in one case with Mikeska’s compounds was 
nowhere encountered. Admittedly this does not constitute absolute proof 
that the specific refraction method can also be applied off-hand to individual 
high-molecular compounds, the more so as the purity of these compounds 
certainly cannot invariably be guaranteed. Moreover, the refractive 
index and the density were in several cases not determined at the same 
temperature, so that a conversion was required in our calculations. Still, 
the general impression of the figures in Table II supports our opinion that 
the specific refraction method can also be employed within rather narrow 
limits for judging high-molecular hydrocarbons as such. 

Finally we decided, on the basis of these considerations, to put our views 
to the test by preparing in a pure condition, and in a manner different from 
that adopted by Mikeska, two of the compounds which had been prepared 
by Mikeska, and the properties of which led us to assume an inaccuracy 
in the preparation or in the data given. The complete description of this 
preparation and of the properties of the products will be given in a second 
and third paper.* Table III shows only those details which are of 
importance for this article. 


Taste III. 


Formula, | Remarks. 


Ob- Theor- Specific Theor- 
served. 


0-3313 Our preparation. 


(extrap.) 
\ 25° 0-3333 Preparation of Mikeska. 


0-3297 Our preparation. 


(extrap.) 
25° 0-3246 0-3294 2-0 10 Preparation of Mikeska.* 


On considering the results, it was found, indeed, that the data given by 
Mikeska for his product 11 do not tally with the data observed for our 
preparation C,H,,-(C,,H,,) (prepared by us in two independent ways). 
Our product possesses the properties which the structure would lead us to 
expect. The difference in the number of rings found from the specific 
refraction and from the structural formula is wholly within the limit of the 
universally accepted error of the specific refraction method. 

Therefore we must conclude that Mikeska’s compound 11 cannot indeed 


* The investigations were carried out by D. W. van Krevelen and J. F. Sirks. 
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have been pure C,H, ,-n(C,,Hs,). It should be noted that Mikeska’s ultimate 
analyses do not agree with our results. However, in view of our consider- 
ations already described, especially in connection with our own synthesis 
of the hydrocarbon in two independent ways, it is very difficult for us to 
question the accuracy of our own specific refraction data for the compound 
C,H,,-n(C,,Hg,). In any case, it may be seen from the results previously 
described that even the serious investigations of Mikeska cannot be accepted 
in all respects without a further detailed research. This stresses once more 
the necessity of systematic investigations by a great number of chemists 
in order to obtain accurate data for high-molecular hydrocarbons of 
several types. 


Laboratory for Chemical Technology of the Technical University, 
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NOTE ON THE DETERMINATION OF NEUTRAL 
OIL IN “SODIUM SULPHONATES.” * 


By E. J. Boorman, B.Sc., Ph.D., A.R.C.S., D.L.C. 


Synopsis. 


The neutral oil present in “‘ sodium sulphonates ”’ is obtained substantially 
free from contamination by extraction with petroleum spirit from a solution 
of the sample, freed from inorganic salts, in a mixture of equal volumes of 
water, glycerol and alcohol; and washing the extracts with 85 per cent. by 
volume aqueous alcohol. 


Tue “ sodium sulphonates ’’ of commerce, obtained during the refining 
of petroleum oils with oleum, usually consist of the alkali salts of sulphonic 
acids, with minor proportions of naphthenic acids or their salts, inorganic 
salts, free alkali, water and hydrocarbon oil. The alkali sulphonates are 
readily soluble in diethyl ether or in petroleum spirit, and may be extracted 
from their aqueous solutions by these solvents, particularly in the presence 
of free alkali or water-soluble inorganic salts. Hence, the usual methods 
of separation of neutral from acidic material by extracting the former 
from alkaline aqueous solution fail, owing to partial or complete inter- 
miscibility of the two layers. 

The method described herein overcomes this difficulty, and while v. Pilat 
and Sereda,! W. Schaeffer,? and others have been concerned with a com- 
plete analysis of these materials, the present method is confined to the 
determination of the neutral oil in the presence of large amounts of sul- 
phonates. It is conducted in two stages : 


(i) The sample is first ‘ parted” between petroleum spirit and a 
strongly acid solution in aqueous alcohol (the presence of the latter 
facilitates separation). The inorganic matter (a cause of erratic 
solubility) passes into the dilute alcoholic layer, and the free sulphonic 
acids, with the neutral oil, pass into the petroleum spirit layer. 

(ii) The acidic material from the petroleum spirit extract is neutral- 
ized with sodium hydroxide and dissolved in a mixture of equal 
volumes of water, alcohol (industrial methylated spirit) and glycerol. 
This mixture contains also the neutral oil, and is extracted with 
petroleum ether. This extract is practically free from sodium salts, 
final purification being effected by washing it with aqueous alcohol. 
The extract is evaporated to constant weight and the residual oil 
weighed. 


If desired, the petroleum spirit extract containing both acids and oil 
may be evaporated to constant weight. The proportion of acidic material 
may be estimated by difference after the determination of the oil. 

No samples of the pure acids were available, and so no direct check on 


* Paper received December 8th, 1938. 


é 
1 
8 


DETERMINATION OF NEUTRAL OIL IN “‘ SODIUM SULPHONATES.” 101 


the accuracy of the method was possible. Varying quantities of the same 
sample were submitted to the procedure, and found to give consistent 
results, indicating that there is no interference by partial solubility of 
sodium salts, as this would be expected to vary with the amount of sample 
used. This had, in fact, been found to be the case during trials of less 
successful methods. Further checks were obtained in many cases by 
blending the sample with purified heavy mineral oil (“ white oil”) and 
analysing the mixture. The results obtained agreed with those calculated 
for the blend. Finally, the oil obtained was ignited and the ash deter- 
mined. In the case of the oil from a single analysis, this was negligible, 
but ashing of the accumulated oil from several series of experiments 
yielded a very small percentage of ash, which appeared to be sodium 
sulphate, indicating that a small amount of sodium sulphonates were 
passing into the final extract. The quantity, however, appears to be 


negligible. 
MeEtTHOD. 


Approximately 5 gm. of the sample are weighed, correct to 0-001 gm., 
into a small beaker, and dispersed by stirring in a mixture of 10 ml. of 
concentrated hydrochloric acid and 20 ml. of industrial methylated spirit 
(I.M.S., sp. gr. 0°8210). The suspension is washed into a Stokes tube 
of the type described in report No. 4 on milk products,’ with petroleum 
spirit, and extracted three times with quantities of 30-35 ml. of this 
solvent. There is a tendency for emulsions to form, but slight centrifug- 
ing readily causes clean separation. The combined extracts are evaporated, 
on the steam-bath if necessary, to constant weight (1-14 hr.). Prolonged 
heating causes darkening, and should be avoided. Three extractions are 
found to suffice. 

To the residue so obtained are added 20 ml. of a mixture of equal volumes 
of glycerol and I.M.S., and sufficient solid phenolphthalein to yield a visible 
colour when made just alkaline by titration with N sodium hydroxide 
solution (say x ml.); 10-« ml. of water are added, and the whole is washed 
into a Stokes tube with petroleum ether, and extracted three times with 
30-35 ml. quantities of the latter. In some cases a very thick emulsion 
forms, which cannot be broken by centrifuging; but if this is allowed to 
stand for 10-15 min., clean separation is obtained. Each extract is 
washed with the same 30-ml. quantity of aqueous alcohol (85 per cent. 
by volume I.M.S.) in a second Stokes tube; the combined extracts are 
evaporated to constant weight in a tared flask, and the oil is weighed 
(any emulsions which may form during this washing are broken by cen- 
trifuging, but this is rarely necessary). This is a clear, amber or pale- 
brown liquid. There seems to be no loss of oil by retention in either of the 
aqueous layers, as continued extraction produces no further oil. 

A typical series of results on a sample of residue, both alone and blended 
with “ white oil,” is given on p. 102. 

A total of forty-eight analyses on various samples yielded results differ- 
ing by not more than + 0-2 per cent. from the mean for the relevant 
sample. 

The oil from several analyses was collected and the ash determined. 
This was 0-07 per cent. on the oil, or 0-025 per cent. on the sample, and 
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Blend with Oil. 


Oil, %. 


Found. 


appeared to be sodium sulphate. In subsequent experiments, as a quali- 
tative check, the oil from a set of analyses was ashed, the residue dis- 
solved in dilute hydrochloric acid, and tested with barium chloride solution. 
In some cases no precipitate was formed, and at the most an opalescence 
after standing was obtained, indicating that the impurities (sodium salts) 
were negligible. Further, the oil so obtained was found to be neutral (to 
phenolphthalein), indicating that the acids are quantitatively retained in 
the alkaline solution. The oil contained less than 0-1 per cent. (0-06 per 
cent.) sulphur, showing it to be essentially free from sulphur compounds. 


The author is indebted to Mr. F. S. Aumonier for valuable criticism, 
and to Dr. J. J. Fox, C.B., Government Chemist, for permission to publish 
this work. 
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; Wt., gm. | Oil found, %.| Mean, %. | 
Wt., 
Cale. 
5-016 36-7 5-115 50-0 50-2 
4-054 36-8 36-8 5-063 62-2 62-3 
2-935 36-9 5-018 74-5 74-4 


FIRE PRECAUTIONS IN A PETROLEUM 
LABORATORY.* 


By J. 8. Jackson, B.Sc., F.I.C. (Member). 


Frere precautions are of obvious importance in any chemical laboratory, 
but they become of vital importance in any laboratory handling petroleum 
products. The experience gained in the Shell Laboratories, London, 
during the past few years in this connection should therefore be of interest. 
While no serious fire has occurred, a number of small accidental fires have 
taken place, any one of which could of course have resulted in a major 
conflagration. The matter was therefore studied closely, and a scheme 
was evolved by which the person responsible for the fire was asked to 
report immediately the full circumstances in which the fire occurred. 
Special efforts were made to remove any element of fear and any sug- 
gestion or suspicion of disciplinary action. In other words, every effort 
was made to secure the operators’ full confidence and co-operation, and no 
difficulty has been experienced in securing the following information from 
the person concerned : 


Location of fire. 
Date , time of day. 

Product involved. 

Person involved. 

Description of fire. 

Duration of fire. 

How extinguished. 

Cause of fire. 

Extent of damage (if any) and whether the fire 
was due to negligence. 


The scheme has worked exceedingly well, and it has been possible to 
study the actual circumstances causing small fires and, wherever possible, 
such causes have been eliminated. A few actual examples will indicate 
the working of the scheme and the results attained. 

In the I.P.T. method for estimating water in petroleum products, the 
use of a gas-burner for heating the flask is not excluded. Where an ordinary 
bunsen flame was used, it was found that puking frequently occurred, 
causing inflammable solvent to escape from the top of the condenser. 
This was, of course, ignited by the bunsen, and a small but dangerous 
fire ensued. Electric heaters which are practically flame-proof have been 
designed for use in this test. 

For a long time it was common practice to clean viscometers, such 
as the Redwood Viscometer, with inflammable solvents. This led to 


* Paper received November 9th, 1938. 
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occasional minor fires, and finally the use of carbon tetrachloride was 
standardized for this purpose. 

In the apparatus specified by the B.S.I. for the determination of the 
volatility of transformer oils, it is possible for the condenser to be so 
placed that it may become choked with liquid, and subsequently over- 
flow. Three minor fires were traced to this defect, and it was a simple 
matter to arrange that the condenser could not be inserted beyond a 
certain predetermined safe point. Here again it was thought desirable 
to design an electric heater shaped to fit the curved bottom of the apparatus. 

From time to time fires have been caused by bunsens being allowed to 
“burn back” as the result of the bunsen tube having become kinked. 
Accordingly, it has been made standard practice not to use any tube 
other than the special unkinkable tube marketed by one of the leading 
gas companies. 

For work involving the use of inflammable solvents special benches 
have been constructed and set apart. These are known as “ no lights ” 
benches, and the risk of inflammable vapours being ignited has been 
greatly reduced. These benches are not equipped with either gas or 
electricity. 

A great deal of difficulty has been experienced in handling large separat- 
ing funnels containing inflammable solvents, and an occasional accident 
has led to the danger of a serious fire. Here again special benches have 
been set aside for such work, and special racks have been constructed for 
holding these separating funnels when they are not actually being handled. 
Otherwise such separating funnels are normally held in various forms of . 
clamp in a very precarious fashion. 

Lately special green-ribbed chest bottles have been used as containers 
for all inflammable solvents. The capacity of these bottles may not 
exceed 500 mls., and they differ in colour and shape from any other bottles 
in use in the Laboratories. It is therefore possible to see at a glance 
whether any inflammable solvents are within reach of naked flames, and 
for operators to know immediately when they are handling an inflammable 
solvent. When not in use, all such inflammable solvents are stored in 
metal cabinets, the shelves of which are divided into compartments, each 
taking only one bottle. In addition to distinctive labels, a scheme of 
coloured designs—squares, diamonds, circles, etc.—is used to indicate the 
different solvents. The design on the bottle is repeated on the stopper 
to avoid as far as possible the loss or interchange of stoppers. This scheme 
has recently been elaborated by the introduction of special coloured wash- 
bottles, which may only be used for inflammable solvents. 

In general, every effort has been made to eliminate the use of naked 
flames or exposed electric elements in all work involving the use of inflam- 
mable substances, and in converting apparatus to electric heating care 
has been taken to use enclosed elements, and to render the whole apparatus 
as nearly flame-proof as possible. 

In each laboratory a satisfactory supply of fire-fighting materials is 
maintained. This includes such materials as sand, foamite and fire 
blankets. Recently the use of cylinders of carbon dioxide which deliver 
finely divided CO, snow has been found exceedingly effective. In each 
section of the laboratory at least two men have been appointed as fire- 
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men, and in case of any fire the essential instructions are that all other 
members of the staff should withdraw, taking with them any inflammable 
or dangerous material that can be removed easily and safely. The fire is 
then dealt with by a limited number of trained, skilled men. This arrange- 
ment is designed to eliminate misdirected effort and any danger of panic. 
Experience has frequently shown that the most urgent necessity is to 
prevent the fire being spread by misdirected effort on the part of excitable 


people. 
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SECONDARY REFERENCE FUELS FOR USE IN 
THE DETERMINATION OF OCTANE NUMBERS. 


REPORT by Chemical Standardization Committee (Knock-Rating of 
Avuation Fuels Panel) of the Institute of Petroleum. 


ALTHOUGH n-heptane and iso-octane are the fundamental standards of 
the octane scale of knock-rating, it is preferable, in order to secure the 
best possible degree of reproducibility and correlation between different 
laboratories and different C.F.R. engines, to use secondary reference fuels 
which have been authoritatively calibrated against the primary standard 
hydrocarbons in a large number of C.F.R. engines. . 

Three such standardized secondary reference fuels, known as the A, C 
and F series, are obtainable,* and their calibration curves in terms of 
octane number (Motor Method) are issued with the authority of the C.F.R. 
Committee. 

For rating leaded fuels above the octane number for C the Institute of 
Petroleum Standardization Committee (Knock-Rating Panel) recommends 
the use of reference fuel C and lead tetra-ethyl up to 4 mls. per Imperial 
gallon in preference to C.11 and F.1 blends. This covers the range of about 
79 to 93 octane number. A calibration curve for blends of C.11 and lead 
tetra-ethyl against the primary reference fuels has been prepared by the 
C.F.R. Exchange Group, and is issued by the Standard Oil Development 
Company on request when ordering C.11 fuel. (This curve has not been 
issued officially by the C.F.R. Committee.) 

The Institute of Petroleum, through its Knock-Rating of Aviation Fuels 
Panel, has recently conducted further calibration tests on these secondary 
reference fuels on which to base recommendations concerning the knock- 
rating of aviation fuels. 

Calibration curves have also been prepared for blends of C and F second- 
ary reference fuels containing a constant concentration of lead tetra-ethy] ; 
these curves are suitable for the rating of motor and aviation fuels con- 
taining lead tetra-ethyl of over 92 octane number. The first stage of this 
work was carried out with 19 C.F.R. engines and the second stage with 17 
engines. 

The Standardization Committee of the Institute of Petroleum authorizes 
the publication of the following recommendations resulting from this 
investigation :— 


A. Calibration Curves for Secondary Reference Fuels A.5-C.10 and A.5- 
C.11 by the Aviation Method (I.P.T. G.39a (T)). 


The average calibration curves for these two pairs of fuels determined 
by the Aviation Method (I.P.T. G.39a (T)) differ by less than 0-1 octane 
number from the Motor Method calibration curves issued by the C.F.R. 
Committee for these fuels. These latter curves may therefore be used 


* These fuels are manufactured by the Standard Oil Company of New Jersey, and 
— be ordered from the Standard Oil Development Company, Elizabeth, New 
ersey. 
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without modification for knock-rating according to Aviation Method 
L.P.T. G.39a (T). 


B. Calibration Curves for Leaded Secondary Reference Fuels F.1-C.10 and 
F.1-C.11 by the C.F.R. Motor Method (I.P.T. G.39 (T)). 


The following calibration curves (Figs. 1 and 2) * are approved as suit- 
able for use in determining the knock-rating by Motor Method of those 


CALIBRATION CURVE. ‘“‘C.F.R. MOTOR METHOD.” (I.P.T. G.39 (T).) 


Approved by The Institute of Petroleum, London, December, 1938. 


Blends of Standard Reference Fuels. 
F.1 + 4 mls. Tetra-ethyl Lead per Imperial Gin. 
d 


an 
C.10 + 4 mls. Tetra-ethyl Lead per Imperial Gin. 


fe) 10 20 30 40 50 
Vol. Per cent. (F.1 in F.1/C.10 Blend) + 4 mls. T.E.L. per Imperial Gin. 


Fie. 1. 


* Copies of these curves for laboratory use may be obtained on application to The 
Secretary, The Institute of Petroleum, The Adelphi, London, W.C.2. 
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108 THE DETERMINATION OF OCTANE NUMBERS. 
motor or aviation fuels containing lead tetra-ethyl which fall within the 


range of the curves. 

Fig. 1 is based on fuel blends prepared from Secondary Reference 
Fuel F.1 plus 4 mls. lead tetra-ethyl per Imperial gallon and Secondary 
Reference Fuel C.10 plus 4 mls. lead tetra-ethy! per Imperial gallon and 
covers octane numbers of 93 and upwards. 

Fig. 2 is based on fuel blends prepared from Secondary Reference Fuel 
F.1 plus 4 mls. lead tetra-ethyl per Imperial gallon and Secondary Refer- 
ence Fuel C.11 plus 4 mls. lead tetra-ethyl per Imperial gallon and covers 
octane numbers of 93 and upwards. 


CALIBRATION CURVE. ‘‘C.F.R. MOTOR METHOD.” (1.P.T. G.39 (7).) 
Approved by The Institute of Petroleum, London, December, 1938. 
Blends of Standard Reference Fuels. 

F.1 + 4 mls. ee 


C.11 + 4 mls. Tetra- oh Lead per Imperial Gin. 


92 


fe) 10 20 30 40 50 


Vol. Per cent. (F.1 in F.1/C.11 Blend) + 4 mls. T.E.L. per Imperial Gin. 
Fig. 2. 
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